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THE first of these Articles (comprised within 
Chapter I. of this work) appeared in The 
Electrician about the time of the lapse of Siemens* Drum 
Armature Patent. Prior to that event Gramme arma- 
tures had been in very general use. But since then the 
Drum armature has become a formidable rival ; and 
though, for some purposes, the Gramme may still con- 
tinue well suited, yet it is undoubtedly the fact that, on 
account of its many advantages, the Drum armature has 
now driven the Gramme very largely from the field. 
The first chapter will thus be found to relate entirely to 
the theory of the Drum winding. An explanation, it is 
hoped with sufficient fulness, is there given of the 
generation of electromotive force and current within 
that form of winding ; and questions of magnetism 
connected therewith are also considered. Succeeding 
chapters are devoted to the description of various 
methods in which Drum winding has been carried out 
in practice, with special reference to what is termed 
the "end- winding." Subsequent chapters, again, touch 
upon the mechanical construction of Commutators ; and 
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xii. INTRO nrrroRY. 

finally, the book closes with some chapters on com- 
mutator sparking, with which has become necessarily- 
involved the whole subject of what are known as 
" armature reactions." 

Objection may be taken that these various subjects 
are here treated without, or almost without, the use of 
mathematics. But I venture to apprehend that, in this 
case, the absence of mathematics is far from being un- 
justifiable. 

In the first place, it is not intended that this book 
should supplant any existing work, but that it shoukl be 
a useful guide or introduction to those who may wish 
ultimately to proceed with the mathematical treatment 
of the subjects. It is hoped, also, that the non-mathe- 
matical reader will here find a sufficiently clear, correct, 
and succinct account of the " action " of a dynamo. 

It is on this word "action" that the whole question 
of mathematics rests : for my object is simply to render 
as easy of comprehension as possible the action of a 
dynamo, especially with a Drum armature, as well as 
with a Gramme. To this end anything more than 
an occasional simple mathematical illustration is not 
necessary. 

It is apprehended that the beginner will read these 
pages during the early period of his training, while he is 
studying his mathematics, and so may combine the two 
together at a later and more advanced stage. 

Inasmuch as frequent reference is made to the "Gramme 
armature, there is added at the end of this introductory 
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chapter, for simple comparison, a diagrammatic repre- 
sentation of this form of winding, similar to that of the 
Drum winding (Fig. i) in Chapter I. The upper brush 
is negative, and the direction of the current flow is 
indicated by small arrows. It will thus be observed that 
the current arriving by the upper brush splits right and 
left, and so flows in two streams, one in each half of the 
winding, till they unite again at the bottom, and proceed 
through the lower brush to the outer circuit. The 
direction of the circulation of current in each half being 
then noted, it will be seen that, according to Ampere's 
law, eacJt half of the winding is exciting a north pole at 
the top and a south pole at the bottom, as indicated by 
the small n 7i and s s. Thin dotted lines represent the 
core of the armature. 
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Diagram of CiRamme Windinc;. 



A further understanding may be gathered from 
Chapter I., in so far as the theory and action of the 
(jramme is similar to that of the Drum armature. 



CHAPTEK I. 



THE GENERATION OF CURRENT AND POTENTIAL 
IN DRUM ARMATURE WINDING. 

As it is well, before considering practice, to understand 
theory, it is our purpose in this preliminary chapter to inves- 
tigate the elementary theory of " drum winding." We may 
thus ascertain exactly in what manner the current and its 
potential are generated, and the '' torque " set up. What is 
meant by this latter term may also be made clear, and cer- 
tain points that are inherent with this effect may be touched 
upon. By the enunciation and apphcation of known laws we 
shall also find that all these phenomena,^under stated condi- 
tions, are but the natural results of such laws. We can then 
in subsequent chapters proceed to consider various methods 
in which theory has been put into practice ; while some of the 
more compHcated detail of theory, from its technical nature, 
we will leave for discussion till we have reached that more 
advanced stage. 

Our attention may, however, first be engaged in briefly 
considermg what are the more essential advantages that this 
method of laying the conductors on an armature possesses over 
the Gramme winding it is now to so great an extent super- 
seding. Some of these are more or less obvious. It offers the 
whole area within the limits of the periphery and ends of the 
drum for the passage of lines of magnetic induction, as com- 

B 
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t |iared with the portion only of this total area offered by th© 

f Gramme ring type. Thus, other things being equal, for any 
given length and diameter of core, the drum will give tha 
larger output ; and conversely, for any given outpnt, the drum. 
armature, and with it the whole machine, can be made smaller, 

I and so cost less than the other type. A greater radial depth. 

Wot iron also can be got into the core, still further favouring 
3sage of lines of magnetic induction — a. point of great 
moment. Economy in copper is also promoted, inasmuch a» 
there is less length of conductor, as compared with the 
Gramme type, owing to the absence of the interior parallel 
conductors that exist with the latter. This consideration is, 
however, much afl'ected by design, a question it is not onir i 
present object to discuss. 

The accompanying diagrammatic sketch (Fig. 1) represents 
in isometric perspective the dium-winding of an armature and 
commutator, but without spindle or core, except that the last 
named is indicated by two lightly dotted circles. A winding of 
dght turns only is depicted, bo that all parts may be visible, 
and the commutator is shown an abnormal distance from the 
core to avoid the complication of its covering the cross- 
connections behind it. This sketch represents in essence what 
is the more modem method of arranging the winding, par- 
ticularly for heavy currents. In the earher drum annatui-es, 
such as those of Siemens and Edison, it was the custom 
to connect up the different sections, not one after the other 
in order round the periphery of the core, but variously. This 
disorder of connection had the effect of prevdnting the attain- 
ment of a minimum difference of potential between neighbour- 
ing commutator segments, bo that sparking at the brushes was 
not diminished as much as might be. But for constructional 
reasons also it is now more customary to effect the joining up, 
as here shown, one section after another in regular order round 
-.the armature. 
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To assist tile eye in following up tlie connections, the 
parallel eonduetor-bara are here nunibercil in the order of 
theii' connection. No. 1, for instance, is joined at the right- 
hand end to No. 2, and No. 2 at the commutator end to No. 3, 
and so on, till No. 16 is miited at the commutator end to No. 
1 again. The bars with odd numbers alone, it will be obsen 
are extended to the commutator lugs. Each odd-numbered 
bar, and an even-numbered bar nearly opposite, mth their end 
connections, form a section of one turn, the end of e-aeh seetion 
being joined up behind the commutator to the neighbouring 
odd-numbered bar, and not to its own. An endless circuit is j 
thus foi-med round the armature, connected up at eight dif- ' 
ferent points, corresponding to the eight sections, to eight 
several insulated commutator segments. Hometimes two turns \ 
per section are put in ; only this, with conductors for heavy 
currents, iuvolves a double series of end connections, which, 
according to design, may add considerably to the total length 
of the armature and increase the percentage of inactive J 
copper — that is, of copper not actually cutting lines of force,^ 
and so not producing current or potential. 

Now this latter reflection is by no means without inaport- 
ance. For it bears on all copper that may project at either ^ 
end beyond the core. This subject may in fact well receive i 
some attention, though it ivill be out of place here more than f 
just to touch on it. Thus in the illustrations herewith, we 
have simple armature coils shown revolving m fields, the coil 
in Fig. 2 being short, and that in Pig, 3 long. Now it might 
be supposed that the coil in Fig. 3, with its extra length, 
whereby it might enclose more lines of force than that in 
Fig. 2, would be preferable to the latter. This argument 
would have some weight if there were no iron core in the 
armature. But with such a core it will not hold good. 
F^gs. 4 and 5 will make this clear, which are sectional plans 
through the field, but without coils. A core is shown in 
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Fig. 4. The dotted lines / represent lines of force crossing 
from the one pole to the other. It will now be noted that 
with a cote present, the lines / outside the field proper are 
few and sparse, at least as compared with the vast number 
that will crowd through the core. In Fig. 5, owing to the 
absence of a core, the total number of lines will be small; 








but the number outside at / will be much greater in propor- 
tion to the whole than would be the case in Fig. 4. Hence 
there might be acme justification in Fig. 5 for a long eoil. 
But, returning to Fig. 8, while in the parts of the coil lettered 
c and d a few stray lines of force might be enclosed, there 
would he pra9tically none at all caught out at a and h. Now 
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it BO happens aa a matter of fact, that owing to eonatmo- 
tional reasons, which will be touched on in future chapters, 
the few lines at c aud d usually are caught. At the same 
time the very small gain thu3 accruing would not by any 
means justify the expense of deUberata enlargement of partsr 
for the purpose. It will thus be seen that, conversely, it 
is distinctly desirahle, on the ground of expense, to keep 
the amount of copper at the ends of the armature aa small 
as possible. 

For many turns per section of wire winding, it may be 
necessary to resort to the Siemens' or other methods of carry- 
ing the wire round the ends. These, however, will be dealt 
with in subsequent chapters. 

Reverting to Fig. 1, the eoila are represented as revolving 
in a field between two pole-piecea, shown by the heavy dotted 
lines, the back one of which is south and the front north, as 
indicated, by the large S and N, and tiu-niiig in the direction 
of the curved arrow. The lines of force will, therefore, be 
going from the front towards the back, though with a normal 
distribution more dense toward the top and bottom, where the 
poles are closer, than in the middle. This latter inequality, 
however, is of course much modified by tlie iron of the core. 
Each section of the winding will form a loop or circuit 
revolving in this field ; and when in a vertical position, such 
as nearly occupied by section 1 — 16, will enclose a maximum 
number of lines, as compared with none at all when lying 
horizontal. Revolving in this field, an electromotive force 
will be generated in the conductors. 

First, then, to consider the direction of the current. Wa 
know that, according to the law discovered by Faraday, when a 
circuit revolves in a field such as here represented, the direction 
of the current will depend on two things. These are, first, 
according to which side of the loop the lines of force enter, and, 
second, as to whether, during the revolution, the number of 
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ihese lines is increasing or diminishing. If the loop revolves so 
that when the lines are diminishing in number they enter on 
the side towards which the top bar approaches, then, as viewed 
irom this side, the current will run from left to right in the 
top bar, and round again from right to left in the lower bar. 
This is the condition in our illustration, where the point of 
view, N, is at the front. 

Now, it is obvious that during one revolution there are four 
diflferent times when the conditions change. The circle of the 
revolution of the armature may be divided into four quadrants, 
►defined approximately by the vertical and horizontal centre 
lines. The four times of change are thus those instants in 
which any bar of a section passes successively from each of 
ithese quadrants to the next. There is a difference, however^ 
Ibetween the conditions at two of these instants as compareS 
with the other two. When a given bar at the top passes from 
a quadrant on one side of the vertical to that on the other side 
-and back again at the bottom, only one change takes place at 
•each of these two instants, namely, that the enclosed lines of 
force that were increasing in number as the bar approached 
the top (or bottom) will now be decreasing in number. But 
:at the two instants when the loop is about horizontal and one 
given bar passes from an upper quadrant to the one below and 
rises again on the other side, tivo changes take place at each of 
these instants. Firstly, the lines of force that were decreasing 
in number to zero will now commence to increase again ; and 
secondly, whereas the lines had been entering the loop on the 
one side, they will now commence to enter on the other side. 
It hence arises that when passing the vertical position, where 
there is only one change of condition, this change reverses 
the direction of the current round the section ; but when 
passing the horizontal position the one change from excluding 
to including lines of force is simultaneously cancelled by these 
lines commencing to enter on the other side of the loop: 
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hence the cnrrent is not reversed at theae latter i 
The aggregate result, therefore, is that the current is 
only as each section passes the vertical (approximately), and 
is always rurming from right to left on one side of tha 
armature, and from left to right on the other side. ThuB^ 
in our sketch, the direction of the current is to the right,, 
in front, and to the left at the back, as indicated by 
small arrows, while those sections which are nearly vertical, 
namely, 1 — 16 and 9 — 8, are neutral. This approximately 
vertical plane is, of course, what is known as the plane of 
commutation, though we shall refer to this again at a 
subsequent period. 

We have dealt so far with the direction of the current 
merely. We have now. however, to consider the rise of* 
the "electromotive force," or "E.M.F.," or " potential," as- 
it is variously termed, and without which there would he no- 
current. This, as is well known, is proportionate to tha 
maximum number of Hnes of force, or magnetic induction^ 
passing through the section, or loop, anil the speed of the 
revolutions. The field may be small and intense, or large 
and weak. Eegarded more intimately as to the speed, the 
potential varies according to the ruto at which the magnetio 
lines are included or excluded by the section. Now, as in the 
case before ua, when these hnes run horizontally, it is palpable 
that when the section is about vertical, the rale at which it ia 
including or excluding lines is scarcely more than nominal, as 
the revolution through a small arc at the top or bottom makes 
little difference in this respect. Hence the E.M.F. generated, 
here passes through zero value. When nearly or about hori- 
zontal, the reverse is the case, as the section is in the most 
advantageous position for this pm'pose, and excludes and 
includes the lines as it respectively approaches and leaves the 
horizontal at its maximum rate. Hence the maximum E.M.P. 
is gathered when the sections are about horizontal ; but; 
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potential is also being generated in the intermediate sections 
between the horizontal and vertical. Theoretically, the 
E.M.F. generated in any one of these varies not with the 
angle but with the sine of the angle which its plane makes 
with the vertical plane; or, in other words, varies directly 
with the horizontal distance of its bars from the central 
vertical plane, similarly as the number of magnetic lines en- 
closed varies with the vertical distance of the bars from the 
horizontal plane. It must be clearly understood that the fore- 
going refers only to the generation of the potential in each 
several section, as the potential that may actually exist in 
any section at any instant may be very different from that 
which it is itself at that instant generating. 

We may now consider the course of the current round 
the winding, together with its accumulation of E.M.F. , and 
its delivery to and return from the outer circuit. Referring 
to our sketch, Fig. 1, it will be observed that the brushes 
touch on the segments of the commutator connected to 
bars 1 and 9. To commence with bar No. 1, we immediately 
remark that this, being in connection with the upper brush, 
and the current in it running from left to right, the current 
from the outer circuit will here be entering, and the upper 
brush will be the negative brush of the machine. In this 
bar 1 there will be the minimum potential, and from its 
approximately vertical position it can generate practically 
none. The current running to the right passes across the 
end to bar 2, thence to the left and across again to bar 3, 
accumulating E.M.F., and so through sections 4 — 5, 6 — 6, 
where it practically gets its greatest amount of E.M.F., 
through 7 — 8, and to the left-hand end of bar 9. This latter 
being connected to the segment whereon the lower brush 
makes contact, the current will here pass to the outer circuit, 
and this brush will form the positive pole of the machine. 
But the total current and potential difference here, it will be 
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observed, are what has been accumulated in the Beotion*n 
represented by bars 3, 5 and 7 only ; and these form but heUf i 
the winding, not reckoning neutral sections. We have now ] 
to account for the other half. Returning to bar 1 again, this, 
with bar 16, forms a section abont vertical, and consequently ■ 
neutral. The right-hand end of the latter bar (16), however, 
is connected across to bar 15 on the further side, where the 
current is in all cases nmning from right to left. Hence, 
where^ one-half of the incoming current passed along the ^ 
length of bar 1 and so to bar 2, the otlier lialf will cross to , 
bar 16 at the commutator end, and thence into the series of ' 
sections 15 — 14, 13^12, 11 — 10, gathering potential on its 
way, on to the right-hand end of bar 9, and so to the lower 
brash, tii'jeiltei- mth the current entering that bar at its I 
left-hand end. Thus the current, entering at the left enA 
of bar 1, has two paths in parallel which it may follow 
throughout the two series of sections which alternate with one ' 
another round the armature to reach the positive brush ; but 
the potential accumulated in each of these aeries is the same. 
Hence, as when two pipes of similar diameter delivering water 
nnder the same head (or pressure) unite in one common pipe, 
the pressure may remain the same, bat does not increase ; 
while the amount of water delivered, or the current, is 
doubled : — so the current delivered at the lower brush is 
equal to the currents of both series of sections added together, , 
or twice that of one of them ; while the electromotive force is 
not doubled, but remains only such as is accmnulated in 
fflther one of the series. Consequently, in calculating out a 
drum winding it is requisite to obtain the tota! area enclosed 
by the several sections of one aeries only, to ascertain the 
electromotive force, while the section of the bars need be but 
half that necessary to carry the whole current of the machine, 
' It will be observed here, in accordance with a remark we have 
■ already made, how that, although there will he little or no 
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potential generated in sections 9 — 8, 9 — 10, yet the potential 
actually existing in these is the aggregate potential of the 
series to which they each belong. It may appear paradoxical 
that in the case of the second series the potential should be 
rising on its way down the further side in bars 15, 13, 11, 
and correspondingly up the front side, in a contrary direction 
to that in which the armature revolves. But this is the way 
the current goes in this series of sections, and it naturally 
forms its ** head,'* or point of highest potential, at the end 
towards which it is tending. 

We have thus far shown how the E.M.F. and current are 
induced. There are, however, some further points in this con- 
nection to be referred to. The first which may be mentioned 
is one of no little importance. It will be remembered that 
the long bars down the sides of the armature have an in- 
•creasing potential in their order from top to bottom ; con- 
sequently and inversely, their respective short bars opposite 
liave a potential increasing from bottom to top. It follows 
that in all cases where the sections are about horizontal, the 
•currents in their respective parallel bars on both sides are of 
about the same potential ; but at the top the short bars of 
the high potential come alternately with the long bars of low 
potential, and vice versa at the bottom, — the differences of 
potential increasing gradually from the sides toward the top 
and bottom, till at these latter points bars of maximum and 
minimum potential are lying adjacent. This constitutes an 
inherent evil of drum winding which cannot be eliminated. 
Another point to which attention may be drawn concerns the 
brushes. Should these be slipped round so as to come on the 
segments of the commutator 7 and 15, instead of 9 and 1, it 
might appear at first sight as though the current would be 
reversed in the outer circuit. But it would not be so, as the 
current would be reversed in bars 8 and 7 and 15 and 16 
instead. In other words, the sections to which bars 7 and 15 
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. belong would for the time become neutral, and the current 
continue to flow out at the lower brush, inasmuch as the. 
preaaure or potential in 7 is higher than that in 15. But 
as, according to the principle already enunciated, whereby 
the highest potential must be at the bottom of the vertical 
plane of commutation, the effect of moving the lower brush 
on to 7 is simply to take it from a place of higher potential 
to that of a lower, with the further effect of reducing the 
potential of the outer circuit in proportion. 

We have, whan mentioning the plane of eommatation, , 
alluded to this as only approximately vertical. It is in this 
connection that the polarisation of the iron core of the drum 
may now be considered. According to Ampere's well-known, 
rule, the direction of the cmTent round the horizontal sections 
of the winding will induce a north pole at the top of the cor© 
and a south pole at the bottom. With regard to the sectiora 
more nearly vertical, we may assume the plane of commutation, 
to he exactly vertical, and so the bars 1 and 9 in our illustra- 
tion to be exactly at the top and bottom respectively. W© 
then observe that section 10 — 9 tends to produce a north- 
pole on the fiiither side of the core, while section 15 — 16 
tends to produce a north pole on the front side ; hence these 
two tendencies counteract each other. Intermediate sections, 
however, such as 11 — 10, 15 — 14, wiU tend to produce a 
north pole, the one on the further aide of the top and the 
other on the nearer side. Hence the ultimate result will be tk 
broadening of the poles at the top and bottom. This polarity, 
with poles in the plane of commutation, is known as tlie 
"self excitation " of the armature. In respect of the field, 
however, it is called " cross induction." But we shall cnlarga 
on this in a later chapter. The effect of the magnets between 
whose pole-pieces the armature revolves is to induce polea 
at the siiles of the armature, a north pole on the further side 
and a south pole on tlie front, at right angles to the self- 
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polarisation of the armature. Experience has shown that it 
is desirable to magnify this effect, and to make the enclosing 
magnets so powerful that they shall almost entirely overcome 
the self-polarisation of the armature. Hence ultimately, by a 
compromise, the north pole of the core becomes located a 
little above the horizontal on the further side next the S 
pole-piece, and the south pole of the core a little below the 
horizontal on the front side opposed to the N pole-piece. 
A plane joining these two poles will form a centre plane of 
the lines of force of the field passing through the core ; and 
the tilting of this plane represents what is termed the 
"distortion of the field." The joint centre plane of the 
ultimate polarisation of the core and the field being thus 
a little tilted, the plane of commutation, which, as already 
explained, must be normal to the field, becomes tilted also, 
determining the lead of the brushes. That is, the plane of 
commutation becomes tilted, not as a direct result of the 
tilting of the self-excited polarity of the armature, but because 
of the tilting or distortion of the field. 

A remaining point for discussion in this present chapter 
is the torque. By this is meant the tangential pull on 
the armature tending to prevent its rotation, and requiring 
power to overcome it. In the case of a motor it is the 
turning moment by virtue of which it revolves, and performs 
work. 

Now this torque is the result of the attraction between the 
self -excited poles of the armature and the poles of the field 
magnets. For, apart from the polarity of the core caused by 
the armature coils, there would be no torque. The polarity 
of the core induced by the magnet poles has no tendency to 
produce torque, as the strains thereby set up are in a line 
with a diameter through the core; and the magnet poles 
have, in fact, no joint tendency to move, or prevent the 
motion of, the armature in any manner, inasmuch as the 
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opposing poles attract it equally in opposite directions. It 
maj be said that the torque is an effect of the contest between 
the polarity of the core induced by the magnets and thai 
caused by the armature coils, whereof tlie result is that they 
amalgamate, as already intimated. And the extent to which, 
in their amalgamation in Euiy given case, the self-polarit; ol 
the armature distorts the polarity induced by the magnets, is 
the measure of the torque. 

In different cases, howevei', with any given torque, the 
distortion may be large in some and less in others. The 
strength of the self- polarisation of the armature depends on 
the total amount of current traversing its coils ; while the 
strength of the polarity induced by the magnets depends, of 
course, on the strength of the magnets. Hence, in one case 
the armature self-excitation, due to a large amount of current 
in its coils, may be stronger in proportion to the field than in 
another where the total armature current may be less in pro- 
portion ; and the distortion in the former will be more than 
that in the latter, and the blushes require more lead. In any 
one case, however, the torque may be increased by increasing 
the armature current, when the distortion will also become 
greater ; or it may be increased by strengthening the mag- 
nets, which will decrease the distortion. In the latter casei 
there will thus be the paradoxical result that with more torque i 
there will be less distortion. 

But, though the armature revolves, its polea do not go'' 
round with it. This may seem difScult to understand, and 
may be explained as follows. It will be borne in mind that 
the polarising effect of each coil is only as detailed above when 
it w in tJie particular jicsition referred to. Directly any one 
coil has moved into the position previously occupied by 
another coil, it has assumed all the characteristics wliich the 
other coil had when in that position. The characteristics, in 
fact, appertain to the position jier ae only being affected by 
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those laws which govern the nature of the current as a 
whole ; and do not follow the coil in its rotation. Now this- 
being so in the case of individual coils, it follows that it is 
so with all. Hence the polarising effect of the whole — that 
is, the armature poles — remains stationary, though the arma- 
ture itself rotates. The reason of the persistence and con- 
tinuance of the torque will also now be the more apparent, 
inasmuch as it is obvious that, if the poles of the armature 
continue in opposition to the poles of the field magnets in th& 
manner already shown, the mutual attraction between them,, 
which forms the torque, must also remain. 

It is necessary, however, to examine this subject yet more 
closely. For, although — disregarding the effects induced by 
the field — the iron of the core becomes polarised, the coils 
themselves en niasse have a resultant polarity, apart from the 
existence of, though coincident with the polarity of, the iron 
core. That is to say, if the iron were removed, the north and 
south poles of the winding would remain just the same, in 
mid air, as it were, though reduced in strength. Hence the 
upshot is that, though the core will experience a torque on its 
own account, due to its magnetisation, yet the coils also will 
experience a torque tending to prevent their rotation, apart- 
from that on the core. As a consequence — and this is the 
important point — whereas the torque on the core is met by 
its being firmly keyed to the shaft, provision is also needed to 
meet the torque on the coils ; and they must be so secured to 
the periphery of the core that when the latter is revolved 
they must go with it, without any possibility of circum- 
ferential creeping. 

This latter contingency, that is, the peripheral creeping 
of the conductor bars, is by no means so unknown as might 
be supposed. For especially in the case of motors, if the 
conductors are held only at the ends of the armature, as, 
for instance, between teeth on the end plates, they will bend 
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in the middle. Binding wires wound round outside may 
prevent their flying off; but howsoever tightly they may be 
bound on, the bars may none the less creep ciroumferentially 
under them, unless mechanically stopped from so doing by 
means of projections from the core. 

Having thus far treated of the theory of drum winding, 
we may in the next and subsequent chapters proceed with the 
consideration of the various methods in which theory has 
been put into practice. 



^ 



CHAPTER 11. 



WIRE DBUM WINDING: SIEMENS. 

Various methods have been adopted from tune to time by 
different inventors and makers to put drum armature winding 
into practical shape. Among the many points for considera- 
tion that occur, perhaps the most prominent is that involving 
the question as to how to take the cross-connections at the end 
of the armature round the spindle. It is thus of interest to 
observe, for one thing, in what different ways this particular 
difficulty has been surmounted, and *' the end-winding," as it 
is termed, arranged. It may be true that in the case of arma- 
tures for small currents, and wound with flexible wire, this 
difficulty may not be very great. But in dealing with heavy 
currents and conductors of large section, it is different, and 
many points of mechanical construction arise for considera- 
tion. It is with these we shall be- mostly concerned in the 
course of our remarks. We may state herCi parentheticallyi 
that though some of the sketches that accompany this 
chapter are taken from designs actually carried out, the 
others will merely illustrate principles of design without 
pretending to be actual representations of any particular 
machines. Furtheri it may be added that we shall confine 
ourselves almost exclusively to armatures for two •pole 

machines. 

c 
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Dealing for the present with wire winding for light currents, 
we meet with the most simple and crude of Etll armature 
winding in Siemeus' wire wrapping. This winding consists 
fundamentally as shown in Fig. 6; and, supposing a single 
turn per section, in merely carrying the wire from one 
commutator segment along the periphery of the drum 
parallel with the axis, across the further end, giving it a 
Blight bend to one side to get past the spindle, and so book 
again on the other side, repassing the spindle, and then. 
joining it to the next commutator lug from whence it started^ 
or in irregular winding to some other lug. In praotice^ 




however, the wire may be carried round many times before- 
being joined up to the lug of the next commutator segment. 
Each " section " of the winding is thus said to be composed 
of BO many "turns"; and while there may thus be any 
number (within reason) of " turns per section," there are as 
many " sections" as there are segments in the commutator, 
neither more nor less. All the turns in a section may Ue in 
approximately the same plane, carefully insulated from each 
other, and each section likewise from neighbouring sections, 
and from the core. There may hence be in a winding of this 
sort a large total number of turns of the single wire ; and as 
' the Yolta depend for one factor on the aggregate of the areas 
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enclosed severally within half the nnmber of these single 
coils or turns, it will be seen that this form of winding is 
particularly suitable for small currents and a high pressure, 
for a few amperes but many volts. 

It will now become obvious that in a fully wound armature 
of this sort, especially when the wires lie in two or more 
layers on the periphery of the drum, there will be a great 
accumulation of wire at each end, giving the ends of the 
armature a more or less hemispherical shape, where the coils 
overlie each other, as shown in Fig. 7. The current courses 
round the armature in one section as many times as there 



are turns in it, thence to a commutator segment, whence again, 
supposing the segment not to be in contact with a brush, 
to another section. Now, as each turn round the armature 
means virtually the opportuiiity of acquiring potential, a 
considerable difference of pressure accumulates between each 
section as a whole, and so between each commutator segment, 
rendering special care necessary as to their insulation. 

But now, instead of each section of the winding being 
composed of one long length of wire carried round many 
times, the several turns being " in series " with one another, 
let us suppose that each " turn " consists of a separate wire, 
and the "section" a group of wires all carried round 
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together, irith all their ends at one end of the seodod -i 
oonnected to one commut&tor lug, and all the other ends t 
another lug. The several "tuma" would now be connected 
" in parallel," The current, instead of being able only to flow 
through the turns one after the other, would now flow through 
them all at once as they lie side by aide, and thus would go 
only unce round the core lengthways between any two s^- 
menta of the commutator. The effect will hence he noted. 
The aggregate of the areas enclosed within the several "eoila," 
as we may now term the sections, being considerably reduced, 
other things being equal, the volts will be proportionately 
reduced ; and as the current is able to flow through all the 
wires in a coil at once, it meets with less resistance— the 
resistance depending for one thing on the sectional area of 
the conductor — and there will be a large current ; in a similar 
manner as there would be a greater flow of water imder a 
given head through a large pipe than through a small one. 
We thus find, in fact, that the conditions as compared with 
the former case are reversed, and we have many amperes, 
but few volts. It wOl be necessary to provide a larger 
commutator ; for while the number of segments remadna 
unaltered, these must be of a section sufficiently large to 
carry the now heavy current, and of a length sufficient to 
afford room for a suitable number of brushes to take it off. 

But to return once more to the former case of many turns 
per section, we may consider briefly some of the merits and 
demerits of this particular form of winding apart from its 
adaptability for heavy currents. Aa is well known, and fully 
explained in Chapter I., the current in its course through the 
armature winding pursues two paths from brush to brnsh ; 
in fact, as it might, supposing it were possible to remove the 
core, and pull the wire all out into one large circular loop 
with the brushes on the opposite ends of a diameter, when 
the current would be able to flow along both sides of the 
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loop from one brush to the other. Now, with too great a 
density of current, the conductors are liable to heat. Let 
us consider this point. Take the case of two pipes conveying 
water, one, say, 4in. diameter bore and the other 2in., and 
let us imagine the same delivery through each. Now, as 
the sectional areas of the two bores — or, in other words, of 
the fluid cylinders in each — ^will vary with the square of 
their diameters, it follows that the velocity of the water in 
the small pipe will be 2^ = 4 times the velocity in the large 
pipe. Confining ourselves to slow velocities (as with high 
velocities the analogy will not hold good, for hydraulic 
reasons), and imagining a long length of piping, we find 
that besides there being in the first place the necessity of four 
times the head or pressure to produce the higher velocity in 
the small pipe, there will be a still farther increase of 
head necessary in the case of the small pipe, on account of 
the increased friction between the water and the internal skin 
of the pipe due to the higher pressure. Thus the point to be 
noted is, that in this small pipe, as compared with the large, 
we find there is a waste of energy incurred due to this 
friction. If this be carried to an extreme, and an attempt be 
made to still further increase the delivery, the small pipe may 
end by bursting. Now, returning to our electric conductors, 
we find this analogy holds good. If it is attempted to force 
more than a certain quantity of electricity per imit of time 
through a given size of conductor, there will be similar waste 
of energy ; only, in the case of the electric current, this 
will show itself by the rise of temperature of the conductor ; 
and this waste energy, in the form of heat, will be dissipated 
by radiation or convection. As the heating of the conductor 
will decrease its conductivity, there will likewise need to be 
a corresponding increase of pressure or potential. Similarly, 
also, if matters be carried to an extreme, and it be attempted 
^^J^ to make the wire carry an undue amount of current, the 



wire will simply melt, or even burst, with a sudt 

of current, owing to the inside of the wire melting before 

the outside, and thus expanding quicker. 

Now, an accident that is liable to happen to a dynEimo is 
what is known as a "short-circuit." The current from the 
machine under ordinary circumstances has open to it a course 
only through an outer circuit, of lampa and so forth, offering 
redatance to its progress. If, by some mischance, however, 
Buch as a wire or piece of metal falling across the positive and 
negative terminals of the switchboard, connecting them elec- 
trically, a much easier way of getting from the one terminal 
to the other will be open to the current, instead of its having 
to go through all the circuit with the lamps ; in other words, 
the resistance of the outer circuit will be practically ehminated. 
There will be a rush of current which the armature will not 
be able to withstand. The armature winding will heat, and 
may get red hot, and perhaps even melt. The insulation is 
destroyed, and metallic connections thereby set up which are 
fatal to the proper action of the machine. The result of a 
bad short-circuit is, therefore, that the armature is rendered 
useless, though often only one or two or a few of the sections 
are burnt, the remainder being uninjured. 

Recalling our attention now once more to the wire-wrapped 
drum armature, from which we may seem to have wandered, it 
will at once be obvious that with the overlay of the wrapping 
at the hemispherical ends, to renew a few burnt sections, 
especially if these should be among the innermost, the whole 
must be unwound, involving expense and trouble. This is thus 
one of the principal drawbacks of this form of drum -winding, 
though not altogether pecuhar to it. Another drawback lies in 
the fact that it is not possible, with this form of end winding 
and so much crossing of the wires, to prevent the close 
proximity of wires of high and low potential. Hence especial 
care is necessary ae to insulation. Again, the combined heat- 
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ing of the wires at the ends where they lie in such a mass is 
no!; so easy to prevent, or to mitigate by ventilation, as when 
arranged differently. It has its merits, however. Each 
section of the winding, of howsoever many turns, is whole 
throughout its length, without joints, which involve labour 
and expense to make, and form possible sources of resistance. 
It is in some respects easy of construction, dealing only with 
flexible wire. The fact also of its allowing of many turns 
per section as compared with most other windings, gives it 
a distinct advantage for obtaining high volts out of a small 
machine without the necessity of an inconveniently high 
speed — ^when a small current only is required. This point 
may indeed, perhaps, be considered as its most valuable 
feature. 



CHAPTER III. 



HEAVY WINDING: DIFFICULTIES AND PRE- 
LIMINARY CONSIDERATIONS. 

We may now, however, proceed to the consideration of arma* 
tures wound not only for high volts, but also for a heavy cur- 
rent. The chief difference between these and those we have 
discussed is that the conductors must be of a much larger 
section than that of mere wires, and will, in fiact, become 
" bars *' rather than wires. Before going on to describe any 
particular heavy current winding, however, it may be advan- 
tageous, perhaps, first to consider some of the points that 
have to be borne in mind when getting out the design of such 
a winding. These naturally fall under the heads of efficiency, 
economy, and practicality. The question of efficiency, how- 
ever, in this connection, is mostly disposed of in the funda- 
mental calculations of the machine. Granting, then, that the 
sections of all the conductors are of sufficient size to carry the 
intended current without undue heating, it is a matter of 
contrivance so to arrange these on the armature that while 
the greatest economy in labour and material is aimed at, 
efficiency shall not be sacrificed. It thus becomes an object 
in designing an end winding, while retaining the necessary 
cross section, to aim, for economy's sake, at a minimum total 
length of copper. Compactness is also required, so that the 



winding may project the smallest amount possible beyond tlie 
ends of the core. As these parts of the winding generate no 
current, there is no object in their enlargement ; while com- 
pactness assists not only economy in the copper itself, biit also, 
by keepmg down the total length of the armature, the total 
length of the machine as a whole is kept down, together with 
its weight, first cost, and floor space, minimum floor space 
being frequently a desideratum, especially on board ship. Bnl 
while aiming at compactness, ventilation must not be for- 
gotten, especially in the case of large machines, though there 
itre makers who do not attach the impoi-tance to this point 
that others, probably the majority, attach to it. Again, it is 
well to have as few joints as possible in the coils; as theaer 
depending on the human factor for their perfection, may btf 
faulty, and so cause resistance. The extra labour and espensft 
incurred in ^making them must, moreover, be remembered^ 
An armature should not be too complicated, so that its con- 
struction may be comparatively easy and straightforward ; and 
all joints should be accessible. Labour is thus 
besides, by avoiding work that is at all " fidgety, 
on a few special men who may acquire the particular aptitudS' 
necessary, and whose services may be lost in a strike or other-- 
wise, is avoided. With this last desideratum 
degree involved another pomt of importance, which is, that 
parts burnt or otherwise damaged may either be removed and 
replaced with facihty, or else that the whole winding should' 
be capable of being easily dismounted and put together agaia 
for the same purpose. The conductors, as explained in Chap. 
(pp. 15, 16), require to be well held on by steel wire wonnd 
round in bands outside, circumferential slipping being stilt 
further prevented by projections from the core and end plateai 
For it will be home in mind, that by virtue of the work 
in driving the armature, the parallel conductor bars ara 
euhjected to a magnetic drag or torque tending to hold them. 
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Ijaok from reTolving with the core and apindle ; and this drag 
is no light matter : hence the neceBsity of fixing the cmIb weU. 

To this magnetic drag is added the centrifugal force tending 
to naake the ooiia &y off altogether. 

There are, however, still some two or three other points 
that require attention. Of these, one is the question of a true 
balance. It is necesaary to put on the winding and foi-m up 
the ends with auch symmetry that the centre of gravity of tlie 
whole armature when complete shall be in the axis of the 
spindle, and not outside. Now, in ordinary practice, the 
armature, when finished, is tested for balance by being rolled 
with ita spindle at each end resting on two horizontal " knife- 
edges." If the centre of gravity of the whole be m the axis, 
it will rest in any position ; but if not in the asia, the armature 
^vill then roll, oscillating backwards and forwards till it reats 
with the heavy side downwards, when extra weight must be 
.soldered or otherwise be attached to the light side till a balance 
be attained. But it has to be noted that this is not really a 
true test. It is a question whether or not armatures are 
sometimes made having the centres of gravity of their two 
ends, taken separately, not in the axis, though eq^ui-distant on 
■opposite sides of it. A fault of this nature would not show on 
the knife-edges. But when revolving rapidly, there would be 
a tendency in an armature thus faulty for its axis to gyrate 
round the true axis of revolution in two eonea, one at each 
■end, having their apices united at a point within the true 
axis somewhere between the two misplaced centres of gravity. 
Henee a greater or leas tendency to vibrate will still exist, 
though the armature might show a perfect balance on the 
knife-edges. This kind of error might, perhaps, be detected 
by mounting the armature within a magnetic field, on bearings 
supported on flexible standards, or, better still, on bearings 
slung from adjustable springs, and then, with brushes lightly 
touching the commutators, revolve it as a motor. If the 
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balance be true, with the centre of grarity of each end within' 
the axis, the armature, when rotating at a tolembie 
wouid evince a tendency to maintain a constant and steady 
axis in any one position, lilie a gyroscope. But if the balance 
be out of truth in the particular manner under diBcusdon, a 
decided desire to " wobble " would show itseK. 

Another reason, however, for being careful as to symmetry, 
is to secure the perfect roundness of the exterior circuinfereiic& 
of the completed winding, with its centre within the shaft axis. 
The clearance between the armature and pole-pieces may thus 
be kept to a minimum. Further, by attaining exact similarity 
with all the coils, iu length, section, shape, and position, their 
resistance and self-induction will also be similar, tending to fc 
steady current and an absence of sparking. 

A remaining, and very important point, however, that 
arises, especially in connection with heavy-cuiTent windings, 
is the Kability of the conductor bars to heat by reason of 
"Fouoaulfor "eddy" currents generated within them in- 
dividually, apart from the main current. These we may ex-, 
plain : In some kinds of dynamos other than those with drum 
or Gramme armature— such, for instance, as those used fot, 
alternating currents — the coils, instead of being remlced in ik 
field, are imnshited across a field edgeways. In other worda^ 
the coil is so placed that its plane is perpendicular to the linea. 
of force of the field ; being still kept in this plane, it is moved 
across the lines of force, and ao cuts them. A current ia thufti 
set up in the coil. Now, if instead of a flat coil, a flat nsetal 
plate were used, and were made to cut through the field edge^ 
ways in a similar manner, a current would be caused to circu- 
late in the plate in a plane perpendicular to the lines of force, 
this, indeed, being much the principle of Faraday's first disc 
dynamo. If the plate were turned so that its plane were 
parallel with the hues of magnetic induction, and then moved 
through them, no cui-renl, comparatively speaking, would be 
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generated within it. This point is important. Now if, again, 
instead of the plate, a single metal bar be moved sideways 
across the field in a plane normal to the lines of induction, 
a current will arise within the bar; and this current will 
circulate within the bar in planes perpendicular to the lines of 
force, running along one of the sides parallel with these lines 
and returning by the other. Thus it is obvious that as a current 
will produce heat, if the experiment with either the coil, the 
plate, or the bar, be carried out to any great extent, and they 
be moved rapidly and continuously through a sufficiently 
strong field, they may be made red hot ; and the fact remains 
that if a single insulated bar be laid along the periphery of an 
armature parallel with its axis of rotation, or held in a frame, 
and then revolved in an ordinary magnetic field, such as used 
for drum or Gramme dynamos, it will get hot from these 
internal currents alone. 

But in dealing with large " bars," however, there may also 
be borne in mind their capability of cooling as compared 
with wire, or bars of small section. It will be noted that 
whereas the transverse sectional area of a bar increases with 
the square of its diameter if round, or as the square of the side 
if of square section, the circumference or outer surface in- 
creases only in proportion to its diameter or thickness. 
Now, capability of cooling, whether by radiation or convection, 
varies with the surface. Hence, a bar, say six times the 
thickness of a small bar or wire of round or square section, 
while it will have 6^ = 86 times the sectional area of the 
smaller, and so may carry about 86 times the current, has only 
six times the cooling surface. Hence, large bars as compared 
with small ones, besides being heated by the main current and 
by eddy currents, are still further handicapped, so to speak, by 
their greater difficulty in cooling. The eddy currents in wires, 
it may be mentioned, are so trifling as to be negligible. In 
ordinary dram or Gramme- wound dynamos, where the field 
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is bored concentric with the axis of the armature, these 
Foucault currents arise principally, if not entirely, when the 
bars pass under the trailing horns of the pole-pieces, where 
the induction lines are particularly dense. By '' trailing " 
horn is meant the last horn of a pole-piece which the 
bars leave or recede from as they revolve. The prevention 
of these internal eddy currents will form part of the subject 
of our next chapter. 
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HEAVY WINDING : PREVENTION OF FOUCAULT 
CURRENTS, AND VENTILATION. 

The methods for the prevention of Foucault currents may 
be divided under two heads. Under the first, the difficulty is 
met by removing the principal cause of the evil : imder the 
second, the cause remains, but its effects are prevented from 
occurring by some counter-arrangement. 

The plan adopted by Messrs. Mather and Piatt comes imder 
the first head. They avoid the difficulty by making the air 
space between the armature and the pole-pieces greater as it 
nears the horns either way, as shown in Fig. 8. Thus the 
principal cause of the heating is removed, inasmuch as the 
magnetic induction does not get so intense at the horns as it 
is wont to do when the air space is of even thickness. 

But it is under the second head that we may look for the 
moBt variety. The eddy currents may be prevented by so 
making or arranging the bars that a current cannot circulate 
within them. One method, instead of making the bar of one 
solid piece, is to compound it of several insulated wires or 
strips, in such manner that there shall be no internal circuit 
open to the current. Thus, Messrs. Siemens Brothers make 
their conductor bars of stranded copper wire cable, each wire 
separately insulated by varnish, and the whole brought inta 
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& rectangular section by liydraulie pressure, or by drawing 
through a die, or otherwise. As the Foueault currents will 
only circulate in an unbroken circuit lying in a plane normal 
to the lines of force, as already explained, it will be seen that 
no such circuit is open in the cable arrangement : conse- 
quently, the currents are not set up. 

Another method, somewhat similar, is to make the bar of 
insulated wires laid parallel, and soldered together at the ends 
60 as to form a compound bar of rectangular section, to give 
the bar a half twist in the middle, and then to press or 
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hammer the twisted portion in an iron mould, so as to bri 
it to the same section as, and alignment witli, the untwiste 
portions of the length. 

Yet another method is to make the bar of insulated copper 
strips or tape laid edgeways on the core in radial planes, and 
soldered together at the ends. The strips, thus laid, being in 
planes, for the most jiart approximately parallel to the lines 
of force they out, will not, as we have already pointed out, be 
individually appreciably liable to e3dy currents. But as they 
are in metallic connection at the ends, an internal circuit is 
open along the side strips and across both ends, which mnat 
be broken. Hence, this kind of bar also needs a half twist in 
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the middle, and to be hammered in a mould, like the last. 
By means of the half twist, the current coursing along one 
side of the bar in each separate wire or strip is at the twist 
conducted to the other side, where it meets an opposing 
current, and so both are neutralised. It will, of course, be 
observed with regard to the strips, that if these be laid flat on 
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Fig. 11. 



Z 



A. 



/ 



Fig. 12. 



the periphery of the drum, eddy currents could set up in each 
one separately. 

Further methods, still similar in principle, are some 
patented by Mr. B. E. Crompton. These are illustrated, 
Figs. 9 to 12. The conductor bar here is simply made double ; 
but at the middle of its length each half is so bent that it con- 
tinues on the centre Une of, and in alignment with, the other 
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hall A groove ia turned in the core to receive the half 1( 
(Fig. 9.) 

Ah will be observed, the circulation of a current within tbo 
double bar is stopped b; the tendencies in each half 
opposed at the middle crossing, similarly as in those already 
described. 

Foucault currents may, however, be stopped by another 
method, included in one of Mr. James Swinburne's patents, 
by which any twist in compound bars ia rendered unnecessary. 
This applies in cases where it is possible to connect up thft 
ts of two bars of a eoil, separately, and in such 
r that the tendency to these currents in each bar shall 
oppose that in the other. This is achieved in the 
indicated diagrammatic ally in Fig, 18. The pulley end of thft 
armature is here shown, and one coD, each bar of M'hich ia' 
composed of four strips laid edgeways. The strips of the on» 
bar must then be connected to those in the other bar, 
separately, in the manner represented. The coil is, in &ot, 
split into so many parallel planes. 

To understand this, we may imagine the coO to he revolv- 
ing in the iield in the direction indicated by the curved arrow. 
The upper pole-piece is north, and the lower south. The 
magnetic lines of force will be thus running from N to Si 
and will be most dense at the trailing horns, ei <i. As rotation 
takes place it will be seen that both bars are approaching 
dense portions of the field, and the lines of force are running 
through both bars in the same direction — that ia, toward S, 
Hence, as viewed from some point in the same plane as the 
coil, on one side, but outside the armature, the eddy current', 
would circulate in each bar in the same direction ; t 
from S, in the same direction as the hands of a watch. Thua, 
at the sides w and .i- of the two bars, the current would 
approach; while at the sides y and : it would recede, as 
indieated by the small arrows. The opposition of the two 
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tendencies is at onoe obvious. The union of the strips in 
each bar at the commutator is, of course, of no consequence. 

The explanation can also be put in terms somewhat as 
follows : — ^Whereas the volts otwz may be greater or less than 
ff Xy the sum of the volts o{ y z will about equal the sum of 
the volts of w X. Hence no current will flow. 

In all cases, it may be mentioned, the bars, whether solid 
or compound, may be wound with cotton or silk tape and var- 
nish for insulation. SoUd bars are sometimes left bare, in- 
sulated from one another by air gaps, and from the core by 




Willesden or Manilla paper, or other material, and varnish. 
They wiU, of course, be more liable to damage when left un- 
covered ; but with compound bars the tape winding is, for the 
most part, necessary to maintain their shape. The varnish 
used is commonly shellac, though some makers use a 
speciality. 

The heating of the bars should be still further obviated 
by efficient ventilation, a point we have already mentioned. 
The cores of large machines are usually made hollow* 

When revolving, the long lugs of the commutator, if there 
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are any, act as centrifugal fan bladea, and draw aiv' 
through the hollow between the interior of the core and 
the spindle, oud so asaiet to keep down the temperature. 
Some makers leave gaps in the core along its length, so 
that air froui the interior maj Qy outwards, and help to keep 
cool, not only the core, but also the conductor bars on the 
periphery, and the pole-pieces. The bars will also draw air 
round after theui, and so ventilate themselves. One of the 
advantages of the Hopkiuson dynamo (Fig. 8) is thus hera 
illustrated, since, owing to the fact that the homa stand away 
&om the armature, air is more easily drawn down between it 
and the pole-pieces, and thus can be more effective in keeping 
the bars cool than when throttled and wh-e-drawn, as it were, 
by the closeness of the horns to the armature. The whole 
question of ventilation is not one to be passed over as incon- 
siderable. A phenomenon showing the effect of thorough 
ventilation may be observed when a dynamo stops after a. 
run. The end winding, owing to its complete exposure anil 
revolving in a thorough draught, may feel cool to the hand at 
first ; but presently it will become warm, owiug to the heat 
from the interior portions of the winding and aiToature creep- 
ing out. This shows at once how great a difference ventila- 
tion makes. It may be remarked that not only does heat 
tend to generate in the conductors, but also in the ii^on cor& 
and the pole-pieces, especially in the trailing hoi-ns of the 
latter. Hence, when it is further borne in mind that a high. 
temperature reduces the conductivity of the copper, the desir- 
abihty of good ventilation becomes stili more obvious. In. 
fact, other things being equal, a greater output is obtainable- 
from a well- ventilated machine than from one not ventilated. 
When a machine is run very hot, energy is wasted in the 
dissipation of the heat, as aheady pointed out in an earlier 
passage. Some makers supply auxiliary fans, or air pro- 
pellers, especially tor the purpose of creating a draught. 
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through a machine as it runs. But, on the other hand, 
though thorough ventilation may keep the bars cool, there is 
yet, perhaps, some degree of falsity in the theory of this 
method of procedure. Heat is abstracted, and so energy lost, 
just as when the bars are allowed to heat — though it may 
be not so much owing to the lesser resistance of the cool 
bars — beside the loss of power involved in driving a fan when 
one is used. Only by good ventilation the heat is drawn off 
znore quickly, and the bars are kept cool, and at their normal 
conductivity. Hence, as already intimated, the size and 
therefore the first cost of a well-ventilated machine for a given 
output should be less than for one not ventilated. In some 
machines ventilation is further assisted by the magnets being 
formed of bars, with interstices between them, through which 
air may pass in and out of the field. A practical limit, how- 
ever, to heating is the ability of the various materials used for 
insulation to endure a high temperature without perishing or 
losing their insulating qualities. To this limit no doubt 
machines are sometimes run. 
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HEAVY WINDING. PLATE END CONNECTION. 

EDISON. 

We may now give our attention to some of the different 
methods in which heavy-current windings have been, and are, 
constructed, having special regard to the arrangement of the 
cross connections at the ends of the armature. 

It will be noted that a bar being the reverse of flexible, it can- 
not be dealt with as a mere wire. To have to bend it would 
be a matter of considerable trouble. Hence special means have 
to be adopted at the drum ends. These consist principally, 
though not in all cases, of separate lengths of metal. These 
are used to form a connection between the ends of two 
opposing bars forming the two sides of a coil, and are united 
thereto by riveting, screwing, or soldering — the latter gene- 
rally together with either of the two former. As we have 
already pointed out, in armatures for heavy currents there are 
generally only one, or, at the most, but two turns per section. 
If high volts are required, the machine must be made larger, 
or the field stronger, or the speed increased, or all threJO. 
Matters are thus much simplified. It is, of course, not 
mechanically impossible to have more turns per section. But 
the extra complications involved, combined with many other 
disadvantages, render the idea in ordinary cases inadmissible. 

Among the earliest of these methods brought out is one 
patented by Edison. This is illustrated in Fig. 14, which 



shows on end view of an armature. The rectangular black 
dota a a are tbe parallel conductor baj ends. Each of these 
is let into and jointed to the periphery of a flat radial 
insulated metal plate, as shown. The radial plates of two bar 
ends desired to be connected up. such aa r and d, are then 
united by a circular bar, as shown, jointed to each, but insu- 
lated from the other bars and plates. Anelectrical connection 
is thus carried round from one side to the other. It will be 
understood, in accordance with some of our preliminary 
remarks, that this sketch merely represents the principles of 




mechanical construction involved, and does not neeesBarily 
represent any one actual design. It is probable that tbe bars 
in Edison's early machines were connected up in tbe manner, 
though not in the order, here shown. The parallel conductors 
here are bare, and, it will be observed, are a long way apart. 
This method is practicable indeed for a winding of a few 
sections only. Though each end of the armature is thus con- 
nected up, jet at the commutator end, which ia here given, 
alternate radial plates are projected further inwards than the 
remainder, as shown in solid black at b h. These projections 
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are each onited to a commutator segment. Besides the dratr* 
Ijack already intimated, this end winding has the further fault 
of not being symmetrical. Hence, a perfect balance and 
equality of resistance in the coils become often impossible. 
Some new arrangement tiius becomes desirable. 

In Figs. 15 and 16 we find the method adopted by Ediaon 
of placing insalated metal discs n a at each end of the 
core, and of the same number at each end as there are 
segments in the commutator, and of the same ontaide 
diameter as the core. A few of the parallel bars on^ 
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are shown. The two bars of a coil would thus at the 
pulley end be connected to the approximately opposite edges 
of the same insulated disc, while at the commutator end 
they would be jointed to separate discs. Fig. 16 shows 
one of these discs. A hole through the middle serves for 
the passage of the spindle and for ventilation, and a tongue b 
shown across it, cut through at one end, is bent outwards 
parallel with the spindle for connection with a commutator 
segment. The four smaller holes c c are for the passage 
of insulated screws rumiing parallel with the spindle by 



which the whole set of discs at one end are bolted to the 

1 plate of the core. 

This &rriuigement has the advantage of being compact, 
and has all the joints on the outside and accessible. Hence 
any burnt or damaged bars can easily be renewed singly 
without disturbing the remainder. By making the discs 
rather stout in proportion to the current they have to 
carry, their resistance can be kept low, and the tendency 
to heat obviated, rendering their ventilation not so necessary. 
But they are liable to the disadvantage of ha\ing a maximum 
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difference of potential between any two that are adjacrat; 
and will thus require more care as to theh' insulation &om 
each other. A drawback, moreover, to using round disea 
is that these have to bo stamped or cut out from sheet 
metal, involving waste of metal, besides extra cost in labour 
and use of machinery. It is a point as to whether or not 
this cost is counterbalanced by subsequent facility of 
construction. It wiU be noted that the bars are straight, 
and have no bends ; but in both designs, as shown in -j 
Figs. 14 and 15, it will be observed that these are solid; 
and are hable to heat with Foucault currents. 




HEAVY WINDING. EVOLUTE END CONNECTIONS. 

CEOMPTON AND SWINBURNE. ANDERSEN. 

HOPKINSON. 

The next example we may take is Messrs. Cvoiiipton 
antl Bwmbuviie's evolute end winding. This, as illustrated 
in Figg. 17 to 22, will be seen to differ entirely from 
Edison's. Fig. 17 represents an end vievi of the armature, 




Fm. 17.— Crompton-Swiiibunie Winding. End \"iew <,l A 



Fig. 18 a longitudinal section, and Fig. 19 an outside 
elevation, all diagrammatic, and with a very open winding 
for the sake of clearness. It will be noted that alternate 
parallel bars run the full leng^tb of the armatnre, and are 
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* united to the commutator lugs at one end. Tlie remaining 
' bars are short, at least as to their straight portions, and we 
L will for convenience call them bo. A "long" bar and a 




— Croiupton- Swinburne \V 



'' Bhort " one opposite thus form the two sides of a coil. In 
Fig, 18 it will be seen that the short bara are cranked inwardfl 
towards the shaft, as shown at it a. At li b are aeetionB 




through the evolute connections formed of thin pliable 
copper strips, indicated more clearly in the end \iew. Fig. 17. 
As may be seen, each of these, jointed at its interior end 
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to the crank of a short bar, is carried round in an evolute 
path till it reaches the desired long bar on the approximately 
opposite side, and there is jointed to it. It will be noted 
how the evolute connectors lie neatly within each other, 
though in practice they fit closely, separated only by mica or 
other insulation. 

In the arrangement, however, as here shown, the cranked 
conductors, if burnt, cannot be removed without dismounting 
the whole winding, or a great part of it. Hence the 
modification shown (Fig. 20), where the crank is separately 
jointed to the tumed-up end of the '* short " bar, as indicated 
at/. By unsoldering these joints/, or the joints^ between 
the "long" bars and the evolute connectors, any single 
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Fig. 20. — Crompton-Swinbume Winding. 



parallel bar can be removed. Further, by withdrawing the 
spindle (which can be done if the core is carried on a spider, 
or otherwise self-contained apart from the spindle), the 
loose crank piece can be drawn in radially, its joint with 
the interior end of its connector unmade, when both can 
be removed singly. Thus any one, or a few sections, can 
be replaced without dismounting the remainder. The total 
number of joints is, however, increased. It wiU be noted 
that these bars are here all sohd, and when single can 
only be used for small currents. For large currents the 
bars are made double, as illustrated. Figs. 9 to 12; or 



DRUM ARMATUKB 



else are compounded of twisted wires. In Fig. 21 ia shown a,l 

modification to gain more room for the evolute connectors, 
tlie long bars being slightly cranked outwards. 




Fig. 21.— CruiiiptoD-Swinburue Wiiidii 



Thus far we have dealt with hut a single turn per section. 
In Fig. 22 is shown the arrangement for two turns per 




that there are two parallel series 

are alternately long and short 

the connectors may be narrower and 
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thicker than in the former arrangement; thus in the total 
mass there will be more copper and less insulation than 
when the curved plates are thin ; and so space is economised. 
The spindle within the core is either of triangular or square 
section, with slightly rounded angles. The core is carried 
tight on the angles, its interior bore being grooved to fit 
these, and ventilation is thus allowed for along the flats. 
Sometimes a spider is used to carry the core, instead of 
its being built on the shaft direct. 




FiQ. 23.— Andersen Winding. Longitudinal Section through Armature. 



Further developments of this form of evolute end winding 
are to be found in the ** Westminster " dynamos of Messrs. 
Latimer Clark, Muirhead and Co. This firm, under the 
supervision of their electrical manager, Mr. F. V. Andersen, 
have employed conductor, bars built up of either wire or 
tape, and sometimes both kinds on one armature. Fig. 28 
shows a longitudinal section through an armature of this 
latter description. The long bars a a are of copper strips laid 
edgeways, and each strip insulated with varnish. The short 
bars h b are of wire laid parallel, each wire insulated with 



shellac VEimlsh, and the whole group cranked at both ends. 
Au end thus cranked is given to a larger scale in Figs. 24 
and 25. The cranked end is splayed out, so that the wires 
embrace the inner end of an evolcte strip c ; and are the 
more carefully spread over the end of the atrip, that the 
soldered joint may be as large as possible, and so offer 
minimum resistance. A transverse section thiough the 
conductor bars on the periphery of the drum is given 
(Fig, 26), showing their compound formation alternately ot 
copper strip and wire. Each bar is insulated with var 
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tape. The layers a a are of Willesden or Manilla paper, 
varnished, and b is the usual exterior band of steel wire. 
The evolutes, duly insulated from each other, run from the 
inner cranks outwards to the long copper atrip bars opp 
as in the case of the Cromptou-Swinbui'no winding, shown 
in Fig. 17. The conductor bars are here jointed at both 
ends to other metal, and the several wires or strips in 
are consequently in metallic contact at each end. They need 
to have a half-twist given them in the middle, in the 
manner already referred to when discussing the subject of 
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Fouoault currents. In Fig. 28, h h are fan blades for drawing 

through the core by airways k k, of which there are three. 

In subsequent machines, however, these blades have been 

.omitted, the suction caused by the commutator lugs being 




Fio. 26. — ^Andersen Winding. Transverse Section through the Conductor 

Bars on the Periphery of the Drum. 

considered sufficient. The winding is held from slipping 
by a crown of teeth m m on each end plate, between which 
the cranks lie. A burnt section, however, cannot be taken 
out without dismounting at least half of the winding. 
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Fig. 27. — Andersen Winding. Cranks. 



This firm has made machines]]|with the conductors formed 
of copper tape only. As these are necessarily laid edgeways, 
and will not consequently easily bend, the cranks have to be 
formed of pieces soldered and rivetted together, in the manner 
shown in Figs. 27 and 26, the latter being a sectional plan 



B 



fiO 



OD 'X b ill the former to twice the scale. For the greater 
-flexibility of the evolutes c these are here made of two thin 
etripB of copper, instead of one, aa is shown clearly in 
Fig> 28. Although this is of somewhat more simple con- 
straction than the wire-made cranked bars, inasmuch as 
these latter have to be caiefully foi-med up in a mould, yet 
two extra joints are introduced. 

It will be observed that these evolute windings so fiir 
represented have one common advantage. They are made 
entirely of rolled copper in one form or another. Henoe 
all desired lengths need but to be cut off, with a minimum 
of waste, both in material, labour, and use of machinery. 



— Auderseu Winding. Sectional Plan on « b of Fig. 27. 



On the other hand, comparatively speaking, the 
construction of the end winding is not exactly simple. In 
one method of procedure, the short bara have first to b& 
made up separately, with cranked ends, and with the- 
connectora, as yet straight, duly attached to each crank,, 
and lying in the same plane with it. These, thus far 
individually complete, are then laid in position on the- 
core, and temporarily bound on, with the connectors pro- 
jecting radially all round. By ropiug and so forth, attj 
the connectors at one end ai-e now forced round in a i 
bined mass, each one naturally assuming an evolute curvOul 
until the outer end of each reaches the opposite side of thft- 
core end to that from whence it started, as shown in Fig. 16^ 
Beiog held thus, and the connectors at the other end of the 
armature having been treated similarly, the long bars are 
Anally added, and severally jointed up to their respective 
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eoBnectors. Hence, by the magnitude of the operation as a 
whole, it will be seen that the first-aamed advantage in the 
lue of rolled copper is in some measnre lost. One of the 
principal points, however, in this winding, aa compared with 
Edison's discs, is, that there is a minimum electric pressure 
between the evolutes. 

The evolute end windings we have thus far discuased, it 
may now be noted, have the peculiarity that each evolute 
from beginning to end is approximately half a circle. In 





another class of evolute winding, however, each evolute is 
approximately only a quarter circle, and the erank system is 
absent. This de^^ was first brought out by Herr Hefner 
Ton Alteneck, and is that adopted by Drs. J. and E. Hop- 
kinson in the manner lepiesented in Figs. 29 to 92. Fig. 29 
1b a longitudinal section through an armature wound with one 
turn per section. Fig. 30 is an end view, but showing only 
a portion of the winding for the sake of clearness. The bars, 
it will be noted, are solid, the heating being obviated in the 
manner already described, by enlarging the air space under 



the horns of the pole-pieces (Fig. 8). The parallel eonaucton 
in thia case also are short and long. But instead of the s 
ones being cranked at their ends, they are jointed to evolute 
strips as well as the long bars. There are thus two series of 
evolute strips aide by side, as shown at « and b in the illus- 
trations. The evolutea in the one, however, run round in the J 
opposite direction to those in the other, as shoiMi in Fig. 80,1 
and only cover an angle of approximately 90 degrees, in- 1 
stead of ISO degrees. On each commutator segment a bar 
t is screwed, which projects within the end winding in a 
direction parallel with the shaft. To this the interior end of 
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Fio. 30. — Hopkiiison WiiKiing. End View o[ Armature. 



one connector in each series is screwed or otherwise jointed, 
thus connecting a long bar on the one side to a short one 
opposite, as, for instance, d and e, or / and g, as shown in 
Fig. 80. Fige. 81 and 32 show this arrangement duplicated 
for a winding of two turns per section, when there are four 
series of evolutes at each end. 

The driving of the winding is effected by means of snugB 
formed in some or all of the bars themselves, which fit into 
recesses in the peripheries of the end plates and a middle disc, 
as shown at A k in Figs. 29 and 31. At the pulley end of the 
armature, there being no commutator bar for the strips to 
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b« &stened to, an annular block of insulating muterial k 
(Fig. 29) is run on the shaft, and on this bars i i, parallel 
with the shaft, are screwed for the purpose. 

It will be noted that with this method of two or four seriea 
of evolatea, all the parallel bars are straight, without bends, 




■WindinB, Two Turns per Section, 

appear to apply to the evolutes, should any of these require 
renewal. A minimum pressure exists between adjacent 
evolutes in any one series, aa with the method of Messrs. 
Crompton and Swinburne. Likewise, also, the winding ia 
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Bymmetrica], tending to a good balance, &nd the separate 
sections are all the same length round, and consequently of 
the same resistance. This winding is also constructed of 
Tolled copper strips. 

Instead of making these cross connectors in three pieces — 
that is, of two evolute strips united at their inner ends to one 
bar, as at c or t, Fig. 29 — a simpler plan now in vogue is to 










make them each in one piece. This is illustrated above, 
single strip of copper is first folded as shown in Fig. SS. One 
member 6 is then bent over into the dotted position ?/, so 
that the whole appears in plan as represented in Fig 34, 
The two parts » and h will thus form the evohitos as depicted 
in Fig. 35 ; while the position c becomes radial, 
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EVOLUTE WIRE-WINDING: EICKEMEYER. 

We now come to another winding, the end connections of 
which are designed on the principle of a double series of 
^volutes, running in opposite directions, similarly to the last 
described. This is Eickemeyer's, of New York. Although 
like in principle to the Hefner von Alteneck method, it is in 
other respects altogether different. Each section of coil is 
•composed of wires laid together, and contains no joint in it 
from one end at one conmiutator lug to the other end at the 
next lug. Each section, moreover, is entirely self-contained, 
and is formed to the right shape and curvature on a mould, or 
in part on a mould, before being put on to the armature. 
Thus the coils on any armature are exactly similar, and con- 
.'Sequently interchangeable. Here, as with the Siemens' wire 
winding, a high-pressure small current can be obtained by 
tmaking each section of one wire carried round several times ; 
or the wires can be united in parallel, each section thus con- 
sisting of a group of wires carried round once. Or, again, a 
section composed in the aggregate of many turns of wire may 
le made up of a group of a few wires in parallel carried a few 
times round in series. 

Figs. 86 to 89 are views of an armature fitted with a simple 
winding of two turns per section. Fig. 86 is an elevation 
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Fig. 37 ia an end view with the eom mutator removed, leading' 
a section on line /' v in Fig. 36, Fig. 3H is a plan of one coil, 
and Fig. 80 an isometric perspective view of the same. The 
portions lettered b h in Figs. 38 and 39 correspond to the outer 
parallel bars that lie on the periphery of the core on opposite 
Eidea of the armature. The parts c r (Fig. 38) lie across the 
ends, and correspond to the connectors. It will be obeerved 
in Fig. 3D that tlie downward angles d il are arranged to 
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Fig. 36. — Eickemej"' 



approach the shaft; while the swelling shoulders cene on 
either side will form the evolntes right and left, as shown in. 
Fig. 37. As the current here is small, and the sections nob 
numerous, the commutator is also small as compared with the 
armature. Hence, the connections .'' to the commutator are 
led off from one of the interior angles ''. The pins ii a in. 
Figs. 36 and 87 are to drive the winding. The dotted lines 
gg in Fig. 36 represent the exterior binding vires. In Fig. 38 
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it Trill be obaen'ed ttmt one siiie, '■, ia longer than the other, 
thua, in fact, forming our " long " ftnil " Rlinrt " bars. This 
allows room for tht two series of evoluteij at each end of the 
armature ; also, when patting the coil^ on the core, the small 
side of one coil can easily be pasaeil within the targe aides of 
other ooils, and so allow of their being got into position. 

In Figa. 40 and 41 an arrAngemeut is whown of many turns 
per section for ii small current of higli voUagt- , Two coils are 




here represented, one of them being dotted in Fig. 40, but both 
shown in full in Fig. 41. It will be seen here clearly how the 
small side of the one fits within the large aide of the other, 
leaving the clearance space an between. The wires in the 
parallel bars are laid 4x2; while in the convolute portions 
they are all eight abreast, lying in curved planes parallel with 
the shaft. The " short " bars, it will be observed, are here 
intend ed to form a complete layer by themselves on the core 
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mm, while the "long" bars are arrange d outaide. The two 
sddeg of a coil thus come exactly opposite, instead of only 
nearly so. A3 the two layers will be exposed to a, maxhnum 
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difference of potential between them, they need to be well I 
insulated from each other. This insulation, and the taping I 
round the bars, are omitted in the sketches for the sake of 1 
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«Ieanies8. In Fig. 41 the Bection through the ban of one coil 
is shown in solid black, b b, while through the other coil the 
wire sections are left dear oiides, as shown c c. The con- 
nection to the commutator is led off from the middle at / 
(Fig. 40). 

In Fig. 42 this same winding is shown, but with the wires 
in each coU all united in parallel for a large current. As the 
■commutator will now need to be larger it will be more con* 
Tenient to lead off the connections to it from the outside of 




Fig, flO.— Eickenieyer Winding. Several 
Turns in Series per Section. Side View 
of Two Coita. 



FiQ. fll. — Eickemeyer 
Winding. Several Tumi iu 
Series per Section. End 
View of Two Coils. 



the coils, as shown at g, rather than from the middle. This 
view, being a longitudinal section through the armature, also 
gives sections through the two aeries of evolutes at either end, 
showing clearly their mutual positions, and the air spaces a a 
between them effectually insulating one from the other. The 
semi-circular portions ild are the same as those similarly 
lettered in Figs. 40 and 41, where it will be seen that they lie 
in radial planes. 



A few words on this point of the air insulation. Our 
remarks wJl also apph to the Crompton and the Alteneek 
end windings This point indeed, aa has already been 
lunted at constitutes one of the chief considerations of these 
special forma of end winding When adjacent coils are 
approMmateh m the plane of commutation, the " long " bar 
of one will be in connection with the commutator segment in 
contact with one hruih and the " long " bar of the other coil 
will Humlarly be |[connected to^ the other brush. Let 
bmsihes be top and^ottom and the upper one positi" 
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Fig. 42 for illustration, we shall now lind that the bar 6 is at 
its highest pressure delivering current to the brush ; while 
the bar i; being a side of the coil connected to the negativa 
brush, ia at a minimum preasui'e. Hence the two bars b 
and c are lying close together, with a masimmn difference of 
presBute between them. On the other hand, as the volts only 
gradually rise in one long bar after another as they approach 
in order from the bottom to the top -on both aides of the 
armature, it comes about that there is only a minimum 
pressure ever between adjacent long bars or adjacent short 
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bars. At the end of the armature, all the short bars are 
connected to the series of evolutes or radial cranks formed 
next the core ends ; while all the long bars are united to the 
outer series. Hence there is only a minimum pressure 
between adjacent connectors in the same series ; and any 
connectors proceeding from the ends of two adjacent long and 
short bars, with maximum volts between them, pass each 
.into different series of evolutes, where they are effectually 
insulated by the air spaces a a between them. Thus it will 
be seen, that while a good amount of insulation may be put 
between the layers on the periphery, where it is required, 
without much affecting the total size; among the end con- 
nectors in either series, on the other hand, where a slight 
increase to the insulation between the strips would greatly 
affect the size of the whole mass, very little is needed. 
Hence, of the total mass of a series of evolutes, a much 
larger proportion can be allowed for the copper than might 
otherwise be the case. 

This Eickemeyer winding, in common with the Alteneck 
and Crompton arrangements, will be observed to be sym- 
metrical with the attendant advantages. One of the chief, 
however, among its many claims is the ease with which any 
damaged coil may be replaced, it being only necessary to 
undo the joints with the commutator, and remove the outside 
binding wires, to free the whole. It is economical also in 
total amount of copper used, and in labour of construction — 
after the coils are made, that is, as forming up the individual 
coils in the mould must doubtless take time. The absence 
of joints, however, especially in the case of large currents, 
remains one of its chief distinguishing characteristics. 

As, both in connection with this latter and the previous 
windings we have described, we have alluded to the inside 
or outside union with the commutator, we may, perhaps, 
with advantage at this juncture also call attention incidentally 
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to a result following on either of these two arrangementB. 
In the Edison (Figs. 16 and 16) and the Hopkinson methods, 
as illustrated, and the Eickemeyer for low currents, this 
union is inleiior. In the Crompton and "Westminster" 
dj^namos, and also the modified Eickemeyer for large currents, 
this union will be observed to be fi-Urwr. In the former case, 
and considering any one eoupHng, of whatever shape, that 
nnites two opposite bar ends, the connection with the com- 
mutator is taken off from the miihUe of such eouphng, half- 
way between the bar ends. In the latter, the connection is 
made at the tnd of a coupling, at its junction with a parallel 
'bar. It will thus be seen that with the interior union, a 
plane through the axis of the commutator and one of its seg- 
ments will be approximately at right angles to the planes of 
the coUs to which such segment is connected. In the latter 
case, a plane through the commutator and such segments 
would be approximately coincident with the planes of its two 
ooila — lying, in fact, between them. Now, in practice, and 
taking the ease of a horizontal field, with pole pieces right 
and left, the polarity of the armature is brought by the mooh 
superior strength of the field to be nearly horizontal likewise : 
hence the plane o£ commutation comes about vertical. Thus, 
consequently, with exterior connections to the commutator, 
and assuming a horizontal field, the brushes will be top and 
bottom ; while with interior connections, and a plane through 
the commutator axis and connected segment perpendicular to 
the plane of commutation, they will come at the sides of the 
commutator, right and left. It is to be noted, however, in 
the case of Edison's early end-winding (Fig. li}, that the 
connection, though interior, is yet taken ofl' the nut of a cross 
connector, the current running to or from the centre alongr 
a radial plate. Hencj here the brushes would be top and 
bottom. 
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HELICAL END WINDING: KAPP. CHORD WINDING: 

SWINBURNE. 

A TYPE of drum armature ending, which, especially as 
regards the end connections, differs entirely from any of the 
foregoing, is the arrangement of Mr. Gisbert Kapp. Here the 
cross connections, instead of being laid as convolutes or discs, 
are arranged helically — in fact, like the threads of a many- 
threaded screw. In the case of copper-plate connectors, a 
common carpenter's wood screw, with thin, flat, and deep 
threads, will convey perhaps the best approximate idea. 

Fig. 43 represents a part longitudinal section through an 
armature thus wound. The thickly placed vertical lines, 0, 
are sections through the series of helical connectors. These 
will be better understood from the developed plan shown in 
Pig. 44. The inner ends of the connectors, it will be observed, 
are jointed to the short parallel bars, as at « a ; while the outer 
ends are jointed to the long parallel bars at b h — the unions 
being effected by means of tags T T, formed on the ends of 
the connectors for the purpose. A single helical connector is 
shown. Fig. 45. B B are the parallel conductors forming two 
sides of a coil, T T the tags, and .s- the commutator lug. The 
dotted lines S S' show part of a true circular plane, thus 
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making clearer by comparison the helical or spiral form of t] 
connector. 

Solid bat or wire connectors in the forma of insulated copp( 
wire cable may also be used as shown in Fig. 46. 
thus formed of bar or cable being of little radial thicknea 
other layers may be superimposed. As, however, the i 
Hectors in the outer layers must necessarily be longer thai 
those in the inner layers, this latter method would appear noi 
to have the symmetry of the helical plate arrangement. 




KiB. 43. — Kapp Winding. Longitudinal Section through Armature. 



Returning to the plate connectors, each helix, it will be 
observed, goes round approximately half a circle (for a two- 
pole machine). All the helices, insulated from each other, 
are laid together in an annular frame I (Fig. 43} ot wood, or 
other insulating material, and are held there by taping or 
otherwise ; this frame is in turn held in a metal sleeve K, which 
is mounted on a shoiilder of the end-plate F. Thus this end- 
winding has the peculiarity of being quite self-contained, and 
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SO can be made up separately, and not put on the armature 
till complete in itself. It will be observed that as the helices 
are attached at their ends to alternate parallel bars, between 
which there can only be a minimum pressure, there will Uke- 
wise be only a minimum pressure between adjacent helices. 
Only a slight amount of insulation is consequently needed 
between them. 
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Fia. 44. — Elapp Winding. Plan of Helical End Connections. 



An obvious advantage of this system over the convolute may 
be observed. If a large number of connectors are needed, it is 
not necessary to have two series, but merely to widen the one 
series in a direction parallel with the shaft. The ** pitch" 
being thus increased, a greater number of any given thickness 
can be got in. As to ease of construction and replacement, it 
will be observed that all the joints are on the outside and 
accessible. In the core, at intervals, are placed metal discs 



with projecting horns A for driving the winding, and air 
spaces D at either side of theae discs allow for ventilation. 
The core has a large central tore, admitting plenty of air, a 




Fig. 16.— Kapp Wimiing. Single Helical Connector. 



is carried on a spider H as shown. It will be observed that, 
as with the Edison disc, these plate connectors require to be 




Btamped out of sheet : hence the same remarks as to waste of 
material and cost of labour, Ac, will apply, the question 
remaining as to whether or not this is made up for by subae- 
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qufflit economy in labour of conetmction. This end-winding 
is yery compact and symmetrical, with comparatively few 
jeintB, and these easily acceBsible, besides having the other 
advantages already mentioned, including free access toe 
ventilation. 

The next winding we come to is another of Mr. James 
Swinburne's. In this case the peculiarity exists that the coils, 
instead of being wound over diameters, are wound over chords 




Fib. 47. — Swinburne's Chord Winding 

of the circumference of the armature. An application of thia 
ptinciple to a wire-wound armature is shown in Fig. 47. It 
will here be seen that the end wrappings, lying in chords as 
ai aa OT b b, keep clear of the centre, and thus, especially 
when the chords subtend smaller angles at the centre than 
here represented, allow room for ventilation through the 
hollow of the core. 

For large low-preaaure currents the method of coupling up 
juross the ends is as shown Figs. 48 to 51. Curved stamped 



copper plates a a form the connectors. These are laid two in 
a plane normal to the axis of tlie armature, and with, tlieir 
i butting as at/ (Fig. 48). Connecting pieces d il are- 
attached to the plates by means of which union with the bars 
hb ia formed. The plates covering more than a third of a 
circle each, the apace c may be kept clear for ventilation. 
Otherwise the plates may be laid slightly helically, and overlap 
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separately across the pulley end, as shown in Fig. 18 (page 85)| 
it being borne in mind that in the case before us these 
•connectors will be taken across a chord and not a diameter. 

It would appear that in this end winding, as with Edison's 
discs, the close proximity of connector plates of maximum and 
minimum volts is not avoided. It will be observed, further, 
that the sum of the areas enclosed by the coils is not so great 
as would.be the case were the winding diametrical. The plates 
require to be stamped. On the other hand, the construction 
is simple, and all the joints are outside and accessible. The 




Fig. 49. — Swinburne's Chord Winding. Method of Connecting the 
Connector-plates to the End Plates of Armature Core by Insulating 
Screws h. 



•connector plates are held in a mass to the end plates of the 
core by means of insulated screws, one of which is shown at 
h. Fig. 49. These screws of course also act as drivers, 
obviating the necessity of any special means for that purpose. 
Ventilation, as already intimated, is well provided for. 

There are, however, some further points in connection with 
this winding which it may be of interest to consider. For the 
better elucidation of these, a diagrammatic representation of 
this system is appended in Fig. 62. The pulley end is here 
43hown. The outer radial lines y y represent the commutator 



lugs at the further end extended on magnified diameters to 
make them risible. The curved dotted lines indicate the con- 
nections thereto. The lugs lettered 13 B are those of the 
segments on which the brushes rest, the left-hand one being 
the positive brush of the machine and the right-hand the 
negative, while the union with the commutator is supposed to 
be from the middle of a connector. Inspection will make it 
clear that the current flow is as shown by the small arrowa. 




Fin. 50. 
SwialjurQe'a Chord \ViiiJiug. Separate Vie 



i of t, Cunueetor. 



The pole pieces are also indicated, N and S. The small I 
letters n and s show the armature polarity which each pair of ■ 
parallel coils tends to produce. Thus the coils a and li, <■ and d, \ 
tend to produce between them a vertical polarity, each rein- 1 
forcing the other, with a south pole above, and a north pole 1 
below. The pairs c/'and y h tend to produce each an approxi' ' 
mateiy horizontal polai-ity parallel with the field, but contrary 1 
to each other. These latter thus neutralise each other, with I 



e result that the vertical polarity alone remains. In relation 
to the armature itself, tliis may be called its primary polarity. 
In relation to tlte field ttila is known as cross-magnetisation, 
or cross -induction, aa it is at right angle§ to the field. Now 




Fio. 52.— Swinburne's Chord Winding. Dingrainmatiu Sketch of Syatem. 

it will be observed that on the upper and lower sides of the 
armatnie, as sketched in Fig. S2, the current is running in 
opposite directions in adjacent parallel conductors ; while at 
the Bides nest the pole-pieces the current runs the same way 
in all on one side. It is claimed in Mr. Swinburne's patent, 
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that by Tirtne of this arrangement of current direction, the J 
cross -magnetisation is reduced. 

In ordinary diametrical drum -winding, as explained in o' 
first chapter, the coils adjacent on one side of the plane of 
commutation neutralise those on the other aide. Thus, ill 
Fig. 53, where .i-x ia the plane of commutation, the coils aa 
neutralise the effect of the coils b b, in which the current 
is running in an opposite direction, as shown by small 



.^\i i 




J"! 
Fio. 63.— OrdiDary Diametrical Drum Winding. Diagram of CurrantFlow, 

arrow-heads. On the other hand, the polarising effect of 
the horizontal coils c (^ ia unopposed, and produces tho 
Tertioal primary polarity of the annature coincident with 
the plane of commutation .r j; which in relation to thai 
field, as we have already mentioned, is known as 
magnetisation. 

Let ua now suppose the brushes to require a lead. The 
plane of commutation becomes tilted as shown xx' (Fig. 54). 
Now note the effect. The coils a a a a are brought normal to 
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the field. Henoe these irill prodaoe k poUrity paralUt to the 
field. In generating dynamos a north pole in the armature 
becomes opposed to the north pole-pieoe, and a south to the 
Bonth, as indicated hy small letters n and $, in direct opposi- 
tion to the field. We thus find this polarity parallel with the 
fisld, termed, in the case of generators, the " back induction " ; 
and its effect ie to weaken the field. In the case of motors, 
wherein we may imagine the N and 8 pole-pieces to exchange 




Fio. 54.— Same u Fig. 53. Brushes Shifted. 



places, the reverse holds good, and this parallel induction 
reinforces the field : and the further phenomenon arises that, 
with an armature revolving between non-magnetUed pole- 
pieces, and having a tilted plane of commutation, the south 
pole of this parallel induction will induce a north pole in the 
pole-piece opposed to it, and a south pole will similarly be 
induced in the other pole-piece. Thus with induced pole-pieces 
only, a motor can be run in a primarily non -magnetised field. 
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though it may not pay to do so in practice. While a tiltol' 
plane of commutation is on this accoiint not detrimental to 
a motor, but rather the contrary, it is detrimental in the ci 
of a generating dynamo. Hence, to avoid this evil in I 
latter case, as has been abeady explained (net: Chap. I.), i 
field is made so strong as to draw the primary cross polarity of 
the armature as nearly as possible parallel to itself. The ulti- 
mate effect is a compromise between the armature polarity and 
the field ; and in proportion as the disparity is lessened, bo 
great is the " distortion of the field." Thus, in Fig. 54, th». 
lines of force of the fielJ, instead of running straight across 
through the armature from N to S, will pass through along 
>/;/ as a centre line o£ their course, the angle between y y and 
the horizontal being the measore of their distortion. The 
peculiarity will thus be noted that the primary polarity of the 
anuature, or cross -magnetisation, is just exactly drawn down 
into the line ;/ ij, along which there is no primary polarity, as 
already pointed out, owing to the neutralisation of the coila 
a a and h b. The cross -induction thus diverted does not oppose 
the field. Assuming the plane of commutation to have besB 
originally vertical, but the field becoming distorted by tha 
armature, the brushes will require to be moved over till tba 
plane of commutation is brought perpendicular to the neir 
direction of the field, guidance as to when the correct posititai 
has been found being obtained by the absence of sparldng at 
the commutator. 

It may be further observed, referring to Figa. S3 and 5i, 
that the whole of the armature above the line y y being nortl)^ 
and below, south, the horns <; and /are opposed, and e and It 
reinforced, by the armature primary polarity. It thus cornea 
about, that whether the plane of commutation be tilted or noi 
the lines of force gather thick at the horns c and h, which an 
the "trailing" horns, while at the other horns tliey become 
comparatively sparse. The Boman letters N and 8 indicata| 
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the ultimate polarity of the armature. In the case of a dis« 
torted field, Fig. 64, the main body of the lines of force 
running from the lower half of the N pole-piece and through 
the upper half of the 8 pole-piece, and these two halves 
thereby carrying the most lines of force, this further increases 
the accumulation at the horns e and h. The lines being drawn 
away from the horns g and /, these may become magnetised 
the wrong way if care be not taken. 

Returning now to Mr. Swinburne's chord winding, and the 
claim for reduction of cross-magnetisation referred to, we find 
it difficult to see how this is made good. Referring to Fig. 52, 
we have found the cross-magnetisation to be due to the coils 
abed. The mixed bars above and below have but little effect 
in this direction, owing to the obliquity of the coils to which 
they belong. The whole of the upper half of the armature is 
of one pole, without primary opposition, and the lower half the 
other pole. The coils being on chords instead of diameters, it 
may be convenient to speak of two planes of commutation here, 
as represented by .r x and z z. While these planes are vertical 
back induction cannot arise, as pointed out. But neither does 
it in diametrical winding. If the planes are tilted by a lead 
given the brushes, then back induction immediately sets up, 
as, for instance, the coils e and / becoming vertical will 
exercise influence opposing the field. In fact, with a lead to 
the brushes, a preponderance of the north primary polarity of 
the armature will be thrown against the north pole-piece, and 
of the south against the south pole-piece, and all the attendant 
consequences will follow as in the case of the diametrical 
winding. Hence it is not clear how this claim is substan* 
tiated ; and this failing, it follows that this chord system of 
winding will not compare favourably with the diametrical 
winding, owing to the much smaller total area enclosed by the 
coils ; unless, indeed, there be occult reasons in its favour, 
which have eluded investigation. 
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CHAPTER TX. 



EXTERIOR END WINDING : CROMPTON AND KYLE. 

PARSONS. FRITSCHE. 

A FEW more windings which we may touch on belong to an 
entirely distinct class, especially as regards their end con- 
nections. We refer to those in which the connections are 
made outside the circumference of the armature, instead of 
within. 

The first of these we may consider is one patented by 
Messrs. Crompton and Kyle. This is based on the convolute 
principle, and consists of two series of convolutions running 
in opposite directions outside the armature ends. Figs. 55 
and 56 illustrate this arrangement, though with only a 
portion of the connectors shown. On the outer circumference 
will be observed jointing plates a a a parallel with the shaft. 
From each of these there spring two evolutes h b, which 
proceed, one in each series of evolutes, to the opposing ends 
of a long and short bar respectively. One complete coupling 
b a bis thus shown apart in both views. Though cases may 
arise when this arrangement may be most suitable, yet in 
some respects it will not compare favourably with an inside 
end winding. 

This form of winding plainly requires a longer coupling to 
unite the two ends of a diameter outside than inside the 
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circumference. The jointa, however, are all accessible after 
removing the commutator. But a disadvantage with this 
design results from the fact that an accumulation of material 
round the outer ends of the armature militates against the 
enugneas of the machine as a whole. These remarks apply 
also to Figs. 20 and 21. It is desirable to keep the 
" magnetic circuit " through the magnets as short as possible, 
and the field coils need to be brought close up to the pole- 
pieces to obtain their fullest effect. It will, therefore, be 




observed that designers generally bring the tield coils as 
near the armature as possible, and, in fact, in the ease of | 
vertical machines, rest them on the horns, as shown at a 
Fig. 57- Thus the lines of magnetic induction generated in 
the magnets within the coils can pervade the pole-pieces with 
the least possible loss of strength, and the total magnetio 
resistance ia kept to a minimum. In the design of end ] 
winding before us, however, the connectors would come in 
■contact with the field coils, so that these would have to go 
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farther away from the armatare, thus in some degree causing 
the advantage named to be sacrificed. This difficulty might, 




Fig. 57. 



perhaps, be met by bending all the bars inward a httle way 
toward the axis, as shown in Fig. 58. But bringing all the 



! 



Fig. 58. 



ends thus into a smaller circumference, unless the original 
spacing on the periphery of the core should be an open one, 
will tend to jamb them, and so necessitate their being formed 
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to a deeper and narrower section, thereby introducing 
complications. 

The next arrangement of outside end winding to which we 
may refer ia one patented by the Hon. Charles A. Parsons ; 
though also independently invented by a young man of the 
name of White, in the employ of Mesers. Latimer Clark, 
Muirhead and Co. This is shown somewhat diagrammatically 
in Fig, 59, and ia in principle somewhat related to Siemens's, 
Eickemeyer's, and Kapp's. With the two former it agrees 
in that each coil consists of one wire, or group of wires, 




KiQ. 69. — Diagram of Helical Outaide-cnd Winding. 

without joint from end to end ; with the latter, in that the 
helical principle is introduced at the armature ends. Thus a 
coil starting, say, from a commutator lug at a, pursues first a 
helical path through about a quarter circle to b, thence runs 
parallel to c, then down another helical path and approximate 
quarter circle to d, is here turned back on itself, and pursues 
another helical path to e, and so on until it ends at another 
lug at 'J. 

The Farsous winding is illustrated in Figs. 60 to 62, 
showing the two ends separately of the same armature. 



There i9 here thus represented m practical form what is 
shown diagrammatieally ra Fig 69 The parts lettered t, 
Are sections through the inner and outer layers respectively of 




Fio 61 

PaTBoDs' Winding. Longitudmnl Section through 

Cammutator end. 



the helical end winding : and it will be noted that at tlie ends 
the diameter of the armature ia reduced, so that the exterior 



f of the winding is the same throughout. Beyoiri 
the limits of the iron core proper, hj and c c, the armatnre i 
non- magnetic, forming thus what may be termed a dummji] 
core. The discs gg, h h, are of insulating material \ and t 
smaller discs supporting the hcUcal coils are of brass. At c,fl 
Fig. 60, it will be observed that the coils are turned back on 
themselves as at </, Fig. 59. In Fig. 61, on the other hand, 
it will be seen that the eondnctor bar ends, rr, pass through 
separate holes in an insulating disc, ,/ ; they are then coupled 
across by means of wire or copper strip and soldering, as 
shown at in m. Fig, 62. This latter method is that adopted in 
all cases when the conductors are too heavy to bend back as 
at i. The whole core is held on the spindle between two 
nuts, nw; and the spindle is hollow for the admisaiou of 
fluid, such as cold water or oil, for the sake of cooling the 
parts. Two of the bars, r r, it wiU be observed, run out to 
the commutator, lettered (. On the core proper, between 
t/and re, the bars lie in grooves, and are bound therein by a 
plentiful wrapping of steel wire, rendered especially necessary 
in this class of dynamo by the very high speed at which the 
armature rotates. 

It will be observed) however, in this type of windinj;, that 
the heUces being in two layers, aud all those from what 
correspond to the "long" bare crossing those from the 
" short " bars, the evil of the close proximity of conductors 
of maximum and minimum volts is in no wise avoided ; and | 
the coUs would need to be well insulated throughout. ! 
form of winding is well exposed to exterior ventilation, 
remove any burnt section, as in the case of the Eickem 
arrangement, it would be necessary but to undo the conneo 
tions with the commutator, and remove the exterior bindinj 
wires to loosen the whole. All its joints are accessible: 
But its reiiuiring what we have termed '■ dummy ' 
at the ends to support the hehcal portions of the winding 
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introduces so much waste weight. In consort, however, 
mth the extremely high speed characteristic of the Parsons 
machine and steam-turbine, wherewith but a small diameter 
of armature is needed, this latter objection will not be of so 
much consequence as with a larger diameter. But this form 
of helical end winding makes a very long armature, entailing 
a long spindle and long machine altogether. 

If, however, we take this winding, and imagine all the 
parallel portion included within the letters b, c, e, /, to be 
removed, so that h f coincides with c e, we shall then get 
approximately the last type of winding we propose to discuss, 
the Fritsche armature winding. The core of this armature 




Fig. 63. — Fritsche Winding. 



is, in fact, wound helically ; the whole winding comes within 

the field, and it may be said that there is no '^ end winding." 

The pole-pieces are placed diagonally in this machine, with 

the comers cut off, in the manner indicated by the dotted 

lines in Fig. 63. This, however, makes a bad field ; for so 

large a proportion of the armature, as at a a, is uncovered 

by the pole-pieces ; and the sectional area of the field, taken 

in a plane normal to its lines of force, is very much reduced 

compared to a field with the pole-pieces placed square in the 

usual manner. As regards facility for renewals, it is, of 

course, the same as the last described. On any armature, 

however, of a given diameter, it is not possible to put so 

o 2 
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many bars of a given size when laid spirally as when laid in 
the ordinary manner parallel with the axis — comparing it, 
that is, with a parallel winding of two layers. Much care 
must obviously be involved in securing symmetry. An 
ulterior effect following on the diagonal arrangement of the 
pole-pieces to suit the helical winding is that, for any given 
output, the machine, as a whole, will need to be large and 
heavy as compared with others, and so will cost more. The 
coils, of course, have no joints, and, except those forming the 
inner layer, are well exposed to exterior ventilation. That 
the inner half should be without ventilation is a drawback. 
The commutator of this machine (of which a full account 
appeared in The Electrician, Vol. XXII., p. 655) is abnormally 
large, as indicated. 
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CHAPTER X. 



COMMUTATORS.— INTRODUCTORY REMARKS. 

That part of a dynamo which may be said to be next in 
importance to the armature and magnets is the commutator, 
or collector, as it is yarionsly termed. For it is here that the 
enrrent, after having been generated in the armature, is finally 
collected ; and it is from and to this part that it is led away 
through the outer circuit of lamps and so forth, and brought 
back again for the renewal of lost energy or potential. On re- 
turning into the commutator at one side at minimum potential, 
the current courses through the armature, and is delivered 
again at the opposite side of the commutator changed to a cur- 
rent of maximum potential : hence the term '* commutator," 
from the Latin commuto, to change, or alter entirely. 

Our object is now to consider some of the various forms of 
•commutator that have been brought out ; and also some of 
the points that have to be kept in view when getting out the 
design for this portion of a dynamo, such as have led more 
•or less to those differences of form to which we allude. 

Without pretending that a commutator is to any very great 
extent intrinsically complicated, it yet would be a mistake to 
suppose that a design may be just " knocked off out of hand " 
without much thought. As great an amount of consideration 
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within reason is required in designing a ooramutator as anj" ^ 
other active part of a. machine. For ve shall find in the course 
of our investigation, that, as in ail deBigning, from that of a 
ironclad downwards, there are conflicting requirements to be- 
dealt with, both small and great. To these, therefore, and other 
collateral consideratioiiB, we purpose first to give our attention, 
before viewing any special eiamples in particular. Our remarks, 
moreover, must be premised by mentioning that we oonfina 
ourselves to commutators for close-coiled continuous-current 
machines, auch as those having drum, Gramme, or flat-ring 
, armatures. 




1 esseutiul principle iu the construction 
segmental bars, held 
together on a substructure, insulated therefrom and from one 
another. This, omitting substi'ucture, is illustrated iu Piga. 64 I 
and 65, the upper half of the latter being in section, so as to 
afford a full side view of one segment. The shoulder a repre-i 
Bents the lug whereby comiectiou is made with the armature ■ 
winding, and through which the current runs either way 
between the winding and the segment. The thick blact Une» 
represent insulation. 
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Now, it is obyiously the first consideration that each bar 
shall be large enough to carry the whole current without 
undue heating, and shall continue so after a reasonable amount 
of wear. It must be of sufficient thickness and depth, and 
have length enough to allow of a proper number of brushes 
to take the current off. But another consideration immediately 
follows, in respect of economy, inasmuch as the segments are 
usually of either copper, phosphor-bronze, or gun-metal, all of 
which are expensive materials. Hence, with regard to prime 
cost alone, it is not desirable to increase the dimensions over- 
much either way. Again, as to the length, this dimension 
affects the length of the machine as a whole — in particular as 
to shaft and bedplate. This increases the total weight, and 
adds to the prime cost in respect of cast iron and steel. The 
diameter of the shaft would need increasing in due proportion. 
It also, however, means greater floor-space, or, on board ship, 
deck room. In the latter case especially, where space is limited, 
if one over-all dimension can be reduced without adding to 
another, there is an object in doing so. But this, it will be 
seen at once, is directly opposed to the already mentioned 
necessary condition, that there shall be a sufficient length of 
commutator for the brushes. We shall see later on, when 
dealing with particular designs, what methods have been 
adopted to meet this combination of requirements. 

Now, the segments, besides being liable to wear from the 
constant rubbing of the brushes, are also liable to burn away 
from sparking between them and the brushes, especially if the 
sparking is such as flies from them to the brushes. This evil, 
however, is less liable to arise when the commutator is divided 
into many segments in proportion to the voltage than into a 
few. A commutator of many segments is thus for this reason de- 
sirable ; and for the further reason that it would give a steadier 
current at any given speed than one with fewer parts. This 
question, however, is one with which the arrangement of the 
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armature winding as a whole ia concerned, inasmuch as there 
are the same number of segments in a commutator as there are 
sections in the winding. Now, with an armature wound in 
many sections for a high potential and a small euiTent, the 
bars need not be of large section ; yet they must be of appre- 
ciable size. But especially owing to the number of bars all 
requiring to be separated by insulation, this latter material, by 
its accumulation, forms a considerable factor in determining 
the diameter. Hence it comes about that the commutator will 
be of large diameter, sometimes nearly equalling that of the 
armature itself. But there being only a small current to be 
taken off by the brushes, the bars do not require to be long, 
and the commutator will be sbort in proportion to the diameter. 
It is obvious, however, on the other hand, that with any given 
speed, and greater consequent peripheral velocity, there will be 
more wear of both brushes and segments, and greater con- 
sumption of energy, due to the friction of the brushes, with a 
large diameter than with a small. But with a low potential, and 
large current, and small number of segments, the total amount 
of insulation between the bars will be reduced in proportion, 
while the length will need to be greater to accommodate those 
brushes. Hence the length of the commutator will be greater 
as compared with the diameter, and the latter considerably 
less than that of the armature. 

The thickness of the brushes may, ho^^ever, be a factor 
in this question. It is obvious, that with any given number 
of segraeuts, the same peripheral brush contact surface sub- 
tending auy given angle at the ceutre may be obtained by 
having either a long thin brush contact surface on a small 
diameter of commutator, or else a short broad one on a large 
diameter. 

Though it is a common feature in small high-tension 
machines to see the commutator nearly as large in diameter 
as the armature, a peculiar instance where it is so iu the case 
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of a large machine is that of the Elwell-Parker * continuous- 
current transformer, or motor-generator. Here there are two 
commutators, one at each end. That receiving the high- 
tension current for the '' motor " function of the machine is 
composed of a large number of small segments, and the total 
diameter is nearly equal to that of the armature ; while at the 
same time the length is only a small fraction of the diameter. 
The other commutator, dealing with the low-potential large 
l^urrent, the outcome of the "generating" function of the 
machine, has many fewer segments, and is of smaller diameter ; 
while the length is greater than that of the other commutator. 
Its length is about the same as its diameter, in fact, and a 
large brush contact surface results. The contact surface being 
proportional to the current, and not to the potential, much 
smaller brushes are sufficient on the high tension. 

Returning once more to the subject of sparking, the 
principal bearing of this matter lies in the fact of its forming 
a reason for subdividing the commutator into as many parts 
as possible, as already intimated. The tendency to spark, and 
the secondary effect of the formation of '* flats," are thus 
minimised. But, as will be seen, much subdivision increases 
the total amount of mica between the bars, and consequently 
the diameter also. Hence a compromise has to be effected, or 
at least too much subdivision avoided. 

A peculiarity, however, in the wear of the segments, apart 
from their burning, is that, with wire brushes especially, annular 
grooves are apt to be cut round the commutator. This is 
mitigated by allowing the armature a slight end play in the 
bearings when possible. To equalise the wear also, it is usual 
to adjust the brushes, when there are more than one in a set, 
so that the gaps between those in one set do not come opposite 

* This machine is illustrated and described in The Electrician, VoL 
XXVni., p. 424. 



the gaps in the other set. For the further reduction of wear 
and cutting it is commoal; the practice to put a very little 
vaseline on the commutator. This ie more neoeasary, however, 
when the bars are of soft copper or other metal. When of good 
bard metal, and with ateucil-plate or gauze brushes, it appeal's 
to cause no detriment to run drj, without any lubrication. 

Though under certain circumstances some oils may act as 
perfect insulators, better even than air, it is not desirable to let 
the oil from the beariugs creep over or into the commutator. 
With large difference of potential between the segmentB and 
the parts of the machine at zero potential, a streak of oil be- 
tween would carbonise ; and carbon being a conductor, a short 
circuit would be set up, leading to leakage. To prevent this, 
among other reasons, a ridge is generally turned on the shaft, 
or on one of the nuts retaining the commutator, or elsewhere, 
from which the waste oil from the bearing is flung off, and is 
caught by an overhanging annular hood, or oil-calcher, project- 
ing from the bearing, from which it is drained away. 

As to the metal used for the segments, Presides the gunmetal, 
phosphor-bron^^e, or copper, already mentioned, iron is aometuues 
used. The prevailing tendency is perhaps towards copper, though 
this Bomewbat depends on the form of the segment. Copper 
aegmeuts may either be cast, which can be done by alloying with 
a little silver— a method adopted by Messrs. Crompton and Co. — 
or else they can be rolled to the required segmental section and 
so be cut off in lengths. This metal is, of course, a better con- 
ductor than either phosphor-bronze, or gunmetal, or iron. The 
copper, when not cast, may be either hard rolled or else annealed. 
The former would be more durable ; but the latter is better 
as regards conductivity. As, however, the ratio of the specific 
reaistaaces of hard-drawn and annealed copper is given only 
as 1,653 to 1,615, this seems so slight in proportion that the 
question of durability would have more weight, and so the hard 
copper is preferable. 
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In the process of construction, these bars are filed, or other- 
wise worked up true, on their flat sides ; then, with thin sheets 
of mica, usually about one thirty-second of an inch thick, and 
shellac or other yamish between them, they are all clamped 
together so as to form a hollow cylinder, as shown in Figs. 64 
and 65. According to varying practice, the inside may or may 
not be bored. But while still clamped together they are put 
in the lathe, and the ends carefully turned to gauge. The 
substructure consists of a sleeve or bush, usually of gunmetal, 
though sometimes when large of cast iron. Over this the 
cylinder of segments is fitted with insulation between, and 
fastened on by a nut and washer. These latter are either 
wrought iron or gunmetal, or may be of steel. The whole now 
forming a compact structure by itself, the clamps are removed. 
Put in the lathe once more, the outside is carefully turned to 
asmooth bright surface. Though we shall deal with variations 
later on, commutators of this general type such as we are dis- 
cussing have thus this characteristic in common, that when once 
built they are complete in themselves, and as such can be put 
on or otf the shaft of the dynamo. 
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CHAPTER XL 



COMMUTATORS.— INSULA.TION. 

Now, though the difference of potential between adjacent 
begments may be slight, yet this varies from a minimum at the 
plane of commutation to a maximum at the sides of the com- 
mutator, in a plane at right angles to the plane of commutation. 
For, as explained in our first chapter, assuming the plane of 
commutation to be vertical, and so the brushes at top atid 
bottom, and the segments approximately in the same plaria 
with the coils with which they are connected, those nef^m^utn 
at the sides connected to coils lying horizontal are eollecUug 
potential at a maximum rate ; while the vertical segmerit^ at 
the top and bottom are connected to coils which are geri^atiiig 
practically no potential. The reasoning would be r^y nlthlhr 
in reference to Gramme-windiog. But in c(mM09t^tmtt^s4tf ih^ 
insulation between the segments must be tufBckfit W wUh 
stand this maximum difference of potential thni 'Ms^iurn ai 
the sides half way between the brushes. On Um; ^^*$^iU/9t 
of insulation, however, that between the borw ftivl U^ n**h 
structure requires special attention ; for there m Ui^ 4iff^r*fff^At 
between the whole potential of the maeUiie M$i4 ii^ '/Mf*t 
potential in the substructure to deal with. Wtn^i iXm U^uimiP/ff 
may be an eighth of an inch or more io thhUitrnft^ n*t^\ 9ftHjf 
consist of vulcanised fibre, mica, asbettoi, />f *Ak*^ wM^^Pl^^i' 
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Now, while on this subject of insulation, and inasmuch 
the Bubatance commonly known as " fibre " ia so largely in x 
for this purpose, it may be of interest perhaps to add soi 
remarks concerning it, for which, in the first instance, we ai 
indebted to a somewhat complete rhmne oo the subji 
manufacturers of this material. 

YnloanJBed fibre ia produced by chemically treating speciall 
prepared vegetable fibre, whereby the exterior portion 
each aepirate filament becomes glutinous. While in t 
condition, the whole mass is consolidated under heavy presan 
and rendered practically homogeneous. The chemicals i 
then extracted, and the niaaa is manipulated, rolled, presaed, 
and cured by various methods. These operations being of 
extremely delicate nature, liable to vary with different condi< 
tions of atmoapheric moiature and temperature, it requires' 
great skill, care, and experience, as in many other manufae- 
turea, to produce uniformly good results. The fibre is madS' 
in two qualities, " hard " and " flexible "; though for purposM 
of insulation the hard quality alone is applicable, A peca- 
liarity is that this substance ia produced only in aheet or 
tube forms. It will not mould; iience all objects to be made 
from it require to be cut out of either of these two forms, 
whichever may be the most suitable. The sheets, in size about 
a., vary from J^in. to I Jin. thick, and are supplied 
iu three colours, red, grey, and black ; while the tubes, pro- 
duced in lengths approaching two feet, have a. thickness of 
ahell not exceeding half an inch. It appears that tbese latter 
cannot be manufactured of leas than ^'^in. inside diameter, and 
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the thickness, moreover, is proportioned somewhat to the dia- 
meter in the small sizes. Being rolled perfectly true and 
straight, with a good finish, they may be cut off into washers, 
or be used in lengths for enclosing and insulating bolts, and 
so forth. Though it has no grain, properly speaking, like wood, 
this material has none the less a species of cleavage parallel to 
the plane in which it is rolled. It may thus be split or cut 
comparatively easily in one direction, while it is hard to work 
in another. 

As is well known, this material is strong, elastic and durable, 
•even working well when used for the teeth of mortice wheels. 
This latter, however, depends on the teeth being lubricated 
with grease and blacklead, and not with oil. Fibre absorbs 
both oil and water. The former reduces its durability, while 
the latter would of course be fatal to its quality as an insulator. 
Such absorption causes it to swell, though it resumes its 
original size when dry again. Its specific gravity is about 1'3| 
and a cubic inch weighs about four-fifths of an ounce. 

Originally imported from America, vulcanised fibre has been 
put on the market in England and the Continent as an insu- 
lator, and having some insulating qualities, and being easily 
worked, has been very generally adopted. In this connection, 
however, we may give a table of specific resistances, compiled 
^m measurements taken by Profs. Ayrton and Perry, and 
which we quote from UppenboDi^a Electrical Calendar : — 



Vulcanised fibre V2 x W megohms (B.A.) at 20°C. 

„ „ 20 C, 

Gutta-percha 460-0 

Shellac 9000-0 



Hooper's vulcanised India- 1 5nAQ.Q 
rubber ••............•.•«.•« 



5» 



240C. 
28<'a 



5> » 



24<^C. 






460C. 



Ebonite 28000*0 

Paraflfin 34000*0 

Glass Still Kreater. 

From the above it will thus be noted that fibre ranks last 
a3 an insulator. Now, with the India-Rubier and Gutter 
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Pereha, iBc, Tradti' Journal (May 9, 1892), as our authority, 
we there fiad an account of some experiments made as to the 
specific resistance of vulcanised fibre by Mr. Eugen Mailer, ot 
Berue, tbe original of which appeared in the Elektrotecknucht 
Zeiifchrifl {Fehrnory 5, 1891).* The liability of fibre to absorb 
moisture has already beeu intimated. To bow great a degree 
this liability exteuda, however, will be made clear from the 
following tabulated results of these experiments. It is to be 
observed that these were made under three different oonditions. 



' We are iodebted to the Editor of The Eltetridaiil-r tbe (ulloinnE 
afatome of further corrBapoiidBnue on this subject : — 

" Keferriog to tliia article, Mr. W. Courton»y, President ot the Vulca- 
nieed Fibre Compitii;, writes to poiat out the ra[ndity with wMch ebonite 
or vulcanite (even irhen it ia of the beet quality, which is seldom the ewe) 
deterioistea with age, whilat vulcauioed fibre actually improreB, and after 
eight or ten yeara badbeenfoundiuabetteratEitetban wheuflrstputjo. More- 
over, ebonite or vulcanite ia almost alwaya odulterat«d, and in time becomes 
perfectly periled, and ite ooly clauo to being conaidered an inaulator lies 
in the fact that it ia waterproof, Mr. Courtenay entirely denies that vuloft- 
niaed fibre contaioa either jute orosideof iron, ae asaert«d by Uerr Miiller. 
All Herr Miiller's figures giving comparisons with paraffined wood are, aays 
Mr. Courtenay, quite irrelevant. Aa everyone knows, paraffin ia one of 
the beat non-conduetora, and wood being exceedingly porous, tiieteeta given 
refer in reality to the paraffin, and not to the wcwd. It is not to be denied 
that ebonite and vulcanite when pure (which they aeldora are) hai-a a 
higher resistance against high potentials than Sbre. Against thia must 
be balanced the mechanical weakneas to which tbcy are liable. Herr 
MuUer ia aware that Ihe hygroscopic propertiea can be entii-ely done away 
with by giving it a coating of shellac oi' other watertight varnish, whenevar 
circuDiatancea would otherwise allow it to absorb moisture. Mr. CourteniQ 
Btatea that it is by no means certain that Herr Miiller tiad got hold of 1 
genuine specimens of Rbre, aa many imitations of the genuine artiele ioA J 
been produced. In answer to this. Heir Miiller, in a later isai 
Eleklroteehnieehe ZeiCickrift, states that the specimens of fibre tested v 
obtained from the sole agent of the Patent .YuJcanised fibre Compan;^ 
Herr, 'Wilfert, of Cologne. To this the latter replies that he baa odj^fl 
supplied Herr Miiller with a small sample of fibre, and that nearly t^ 
years ago. He also aaja that since tbe Vulw^iaed Fibre Company supid] 
only one sort of fibre, whilst Herr Miiller gives the results of testa oi 
diSbrent varieties, there must be an error in supposing that the m 
ixperimented on was prepared tjy the Vulcanif cd Fibre Company." 
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Firstly, the fibre was previously thoroughly dried by being en- 
closed in an exsiccator for several weeks ; secondly, experiments 
were made after its exposure for 24 hours only to the by no 
means damp atmosphere of the laboratory ; and, thirdly, after 
exposure for several months. Results with walnut wood are 
also included. (12 L =» Legal megohms. ) 



Specific Resistance {at IS'^C.) per Cubic Centimetre. 



i> 



1. White Tulcanised 

fibre 

2. Different kind 

3. Light brown 
4. 

5. Red 

6. Black 

7. Red 

8. Brown 

9. Ordinary walnut 

wood 

10. 

11. Paraffined 

12. 

13. 

14. 



i> 



if 



» 
it 

a 
a 
it 

if 



it 
a 



a 




2,500 xlO«nL. 

3,300 

7,4C0 
12,400 
16,500 
20,500 
35,400 
48,500 

99,000 
49,500 

» 

DO 
30 



200xlO«nL. 
1,080 

580 
1,002 

245 
2,0C0 
3,250 
3,800 



It 
I) 
it 
it 
It 
ti 



2,870 

21,000 

620,000 X 107, 
185,000 X 10«„ 

11,700 



» 



It 



a 



Exposed 
several months. 



C. 



14xlO«nL. 

22 

18 

54 

10 

68 

54 

26-3 



53 

572 

3,690 

11,080 

1,380 

830 



it 
it 
it 
ti 

it 

ti 
it 

a 
It 
It 
It 
>> 
It 



It will thus be seen that though fibre, when perfectly and 

absolutely dry, has decided insulating qualities, it rapidly 

deteriorates in this respect with exposure. The loss, in fact, is 

tremendous, even in the first 24 hours. But in the humid 

climate of England, wherewith by far the greater part of the 

year the atmosphere is damp, the first two columns in the table 

would with the better reason be considered as appertaining to 

a condition of things contrary to general experience. For safety, 

the last column <(C) is the one on which calculations should be 

based. We here find the specific resistance ranging from 

h2 
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10 X 10* megohma (L) for one specimen of red fibre, to G8 x 10* 
megohms for a black specimen. 

The means of the resnltB, however, are given as follows : — 

White vulianined fibre slwut IS^lO'nL. 

Brown „ , ., 26 ^f 10" „ 

ReJ „ 32x10' „ 

Ligttbrowu , „ 36x10^ „ 

Ordinary dry walnut wood 53 to 572 i 10' „ 

Paraffined „ , 530toll,0C0 x 10= „ 

In the first table we quoted it will have been noticed 
thai the specifio roaistance of mica was given as 84x10^ 
megohms {B.A.), at ZO'C. This is considerably better than 
any results with exposed fibre, though by no means high m 
compared with the other iasiilating substances that follow it 
in the table. 

It is obvious, however, that the whole question of insulation 
is bound u)> with the consideration of what is practicable and 
practical under any given conditions. Thus, in the case of 
commutators, with which we are more immediately concerned, 
mica, from its natural cleavage and hardness, is eminently 
suited for putting between the flat sides of the segments. For 
this purpose, therefore, it has been lai^ely adopted. If wa 
consider the various substances that are used generally for 
insulation, such as glass, porcelain, paraffin, ebonite, vulcanite. 
India-rubber, gutta-percha, besides mica, fibre, and so forth, 
we find none of the first named are applicable for use in com- 
mutators — or, at least, are not used to our knowledge. India- 
rubber and gutta-percha are too soft ; ebonite and vulcanite 
are too friable, and wanting in strength ; glass and porcelain 
have a eertaiu strength; and though one may be tempted to 
look at these, the practical difficulties of adapting them to a fit 
would be great, besides the question of their estreme brittlenesB, 
and liability to chip, crack, and break. In a commutator, the 
insulation has to form part of the general structure, and has 
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to take strain in common with other material used. This at 
once limits the substances that are applicable. For the neces- 
sary strength, therefore, together with practicability of working 
and other qualifications, we find ourselves more or less con- 
;, fined to vulcanised fibre and mica, though asbestos and other 
materials have been adopted. 

Now, the excessive hygroscopic properties of fibre, to which 
we have been drawing attention, and which interfere so 
largely with its quality as an insulator, cannot unfortunately 
with any success be diminished by paraffining. For on ac- 
count of its very inferior porosity, the temperature of the 
paraffin has to be raised very high (about 180°C.) to make it 
penetrate ; and at this heat the fibre decomposes with efferves- 
cence, becomes brittle, and is rendered perfectly useless. Its 
swelling with absorbed moisture, which may amount to 
-^ in., or even more in an inch — and, contrariwise, its warp- 
ing with heat — present considerable difficulties. For com- 
mutators — especially in the case, for instance, of motors worked 
put of doors — are exposed to every atmospheric change, on the 
one hand ; while, on the other hand, they are liable to get 
warm from causes inherent to the machine. The futility, 
moreover, of any trust in a coating of varnish is apparent, in 
consideration of this not being able to prevent the effects of 
heat. In most cases, also, the fibre having been exposed to 
the air for some days at least, when being machined to shape, 
will have absorbed moisture before the application of the 
varnish, while any attempt to dry the fibre immediately 
before varnishing would probably cause some change of 
shape. It is thus for these various reasons that some firms 
are now abolishing vulcanised fibre altogether from their com- 
mutators, and are using mica throughout. We hence propose 
now to give our attention more particularly to this latter 
material, and its adaptability for use in commutators — for 
the cones especially. 
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Toucliing briefly on the sources whence mica comes, it may 
be Btat«i] that it is found and mined, among other places, in 
New Zealand, Australia, Canada, Bengal, Madras, and Ceylon. 
There are various Itinds of mica, and tlie term is applied to a 
group of crystalline rocks having the peculiar laminated atrno- 
ture well known. While a smnll apeoimen may easily be sliced 
thin through the cleavage with a pocket-kniff, on the edge it 
is about as bard as slate. It is found in slabs sometimes 
two or three inches in thickness. But it cannot be worked 
like alate, nor even aa though it were hard wood or soft metal. 
When required of any particular shape, size, and thickness 
it is necessary to build it up to the approximate dimensions, 
of thin slices, separately worked, and all cemented together. 
The mass thus built may then be finished off by subsequent 
tooling. At the Electrical Exhibition at the Crystal Palace, 
in 1893, there were two exhibits of this substance, in the 
gallery, by Slesara, F. Wiggins and Sons, and Messrs. Wake 
and Sanders. In both of these there was a plentiful display of 
mica strips cut for use between the segments of a commutator. 
The former exhibitors, however, added two mica rings built up 
in the manner described, which were ready prepared for turning 
down into cones for commutators. These were to be observed 
in a case containing various very fine specimens of machined 
work, placed round the foot of a column of turned mica, 
which latter was doubtlessly unique in the Exhibition, as show- 
ing what can be produced with this material with proper 
tnowledge and skill in its manipulation. Reverting to tho 
rings, however, these are by no means wanting in strength. 
For, besides being hard on the edge, mica is also tough. A 
thin sheet will bend considerably before breaking. But 
unless built up in the manner described, it has no great 
Btrength to resist parting in the cleavage. Some firma build 
up their own rings, though, as intimated, they may also be 
had from the makers, leaving only the turning to accomplish. 
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Very heavy pressure is needed for making the rings — those at 
the Exhibition, for instance, though only about Sin. in diameter 
and f X fin. in section, requiring no less a pressure than 
175 tons. But in this manner cones may be obtained of 
sufficient strength, and as regards insulation and other quali- 
ties, considerably superior to vulcanised fibre. 
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COMMUTATORS.— METHODS OF CONSTRUCTION. 

Having thus briefly reviewed some of the different points 
that* occur in connection with the design and construction 
of commutators generally, we may proceed now to the con- 
sideration of definite examples. In so doing, it may be 
helpful to adopt some kind of classification. Thus a general 
division may be drawn between those designed to give the 
greatest depth of wear for the brushes, and those in which 
shortness of length has been made a special object. Figs. 66 
to 69 herewith illustrate designs of the first class, each showing 
a longitudinal section through the upper half of a commutator 
only, similar to the upper half of Fig. 65, as with other figures 
that follow. Figs. 66 and 67 show two forms of commutator as 
made by Messrs. Crompton and Co., Limited ; Fig. 68 is that 
of Mordey's "Victoria" dynamo; and Fig. 69 shows the com- 
mutator of the "Helvetia" dynamo, constructed by Messrs. 
Alioth and Co., of Basle. It should be mentioned, however, in 
reference to these and succeeding figures that they are not 
scale drawings from specific examples ; and though suited for 
the purpose of this work, no guarantee is intended that they 
all illustrate present day practice. Few parts of a dynamo 
probably are more affected by change than the commutator ; 
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and it is our purpose to discuss the reasons that lead to such 
changes, rather than merely to illustrate ultimate results. 

Now, the leading principle of these four eiamples is that 
of endurance. For there is no limit to the depth to whioh 




the bars may be worn down. They may, in tact, be i 
right through — an occurrence which is not unknown ; tbouglt' 
allowing a commutator to run so long instead of renewing t 
an earlier period ia porhai s scnrcely commendable. This iB^.l 
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however, a leading point in these designs. Regarding them 
more closely^ we note that they are all mounted on a sleeve or 
bush a a, which in Figs. 66, 67 and 69 has a mushroom head, /;. 
In Fig. 68 the head is flat, and is placed at the contrary end to 
that where the shoulder.; for the lugs occurs, as compared with 
the other figures. The segments are held on by a nut and 
washer c d : and in Figs. 66 and 67, the whole commutator is 
held on the shaft by a nut and lock-nut fe. In Fig. 69 only 
one nut is used for this latter purpose. The solid black 
represents insulation. 

Having regard now more particularly to Fig. 66, it will be 
noted that the washer d is of the same diameter as that of the 
combined segments. Thus it differs from the other designs in 
that these latter have a clear shoulder at the left end, as shown 
lettered i in Fig. 67. It may perhaps be said, without its being 
-stated as a set rule, that Fig. 66 is more especially suited for 
small sizes. For this, referring to the nuts and washers, would 
4»e on the general principle that parts should never be too small 
absolutely. On a large scale certain parts might be minute 
in proportion to the whole, but not so absolutely — or in other 
words — to the size of a man. The same parts on a smaller 
scale would need to be of increased size in proportion to the 
whole, to avoid being too small absolutely. Beyond this con- 
sideration, however, a clear shoulder as at i allows of an un- 
hampered peripheral surface for wearing down. A groove 
turned at the other end as shown dotted at A, Fig. 67, leaves a 
•surface clear at both ends. In Fig. 66 the dotted line shows how 
•the wear is confined and hampered at both ends, and illustrates 
the difficulty, if not impossibility, of keeping the wear even all 
along, so as to avoid sparking. The surface i h in Fig. 67 has 
not these difficulties. In a patent for this groove h taken out 
by Mr. J. W. Easton, of New York, it is recommended that 
•it should be kept filled with some easily removed insulating 
material, to prevent its filling with metal dust from the wear 
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of segmests and brushes, which might otherwise cause short 
circuits between the bars. Though familiar with the idea of 
the annular slot some time before the date of this patent, we 
are not aware to what extent, and with what success, thiK 
method has been adopted in practice. 

Aa to the washerx and heads, it will he noted that in 
Fig. 68 there ia one of the former at each end, on account of 
the flat head, A point, however, to which attention may be 
drawn is the angle with the axis under the head and washer, 
as at m and n, Fig. 66, asaumeii in different designs. This, aa 
will be seeu Further in subsequent sketches, varies from about 
60° ami 50°, to 45°, 30°, and even less. A great difference thus 
exists. The principal point to be attained, however, beyond 
holding the segments securely against the centrifugal force 
tending to make them fly off, is to hold them so firmly together, 
considering the large number of parts forming the whole, tiiat 
they shall not easily be put out of truth, after leaving the 
lathe, by any accidental blow or jar. With the larger angle, 
the best effect, of course, is to hold the segments tightly 
between the washer and head ; while the smaller angles have a 
best effect in holding the segments in toward the axis. It has 
to be considered, however, that insulating materials have not 
the same density and solidity as metals. They, moreover, vary 
in nature, and, as has already been pointed out, fibre is apt 
to absorb moisture and swell thereby, and to shrink again 
when dry and hot. Now, this shrinkage would naturally have 
more effect in loosening the bars diametrically with the large 
angles than the small. Thus a small angle with the axis 
might seem the best with fibre. But a substance less liable to 
shrink, such as mica, may be preferable for large angles. 
Conversely also, in consideration of its laminsc being in planes 
normal to the axis of the shaft, a large angle would be bettor 
for the mica, when so used. With a small angle, and assuming 
the possibility ot there being any give in the insulation betweea 




METHODS OF C0N8TBUCTI0N. 100 

the bars, and assunuDg further that these are tightly fitted 
on the cylindrical body of the sleeve, with hard insulation 
between, then on the nut being tightened up, and the slope of 
the washer having its best effect diametrically inwards, there 
would be a tendency for the ends of the bars within the 
washer to become jambed against the sleeve, the slope of the 
washer in a manner acting as a wedge. The result of this 
would thus be, that the segments dragging on the sleeve 
would not be driven home so tight under the head as under 
the washer. In Fig. 68, where the angle is very small indeed, 
any possibility of this eventuality is met by the fact that the 
washers at each end lie flat against the nut and head respectively, 
and also against the bar ends ; and thus the bars are driven 
directly by the nut. There does not seem much allowance 
here, however, for any give of the insulation enclosed between 
the washe|: and the projecting heels or snugs of the segments, 
A practical point is to allow a thickness of sleeve where the 
nut rides for a sufficiently large thread ; and a length parallel 
with the axis, such that the nut may not be too thin: thus, 
tight screwing up may be eflected without the thread stripping, 
or the nut bursting, which is of course a matter of primary 
importance in securing the solidity of the whole mass. This 
nut, it should be mentioned, requires to be locked to prevent 
possible slacking back. One method is to put radial screws 
through it, generally three, with their points taking into the 
sleeve. Another method is to put one or more screws 
parallel with the shaft through the nut, with their points 
taking into the washer, as shown in Fig. 77. 

But now we may turn our attention to commutators of the 
second kind in our classification. We find these exemplified in 
Figs. 70 to 73. Of these. Fig. 70 is a Kennedy design ; Fig. 71 
an example from a " Westminster " dynamo by Messrs. Latimer 
Clark, Muirhead; and Co. ; Fig. 72 a Gulcher ; and Fig. 73 an 
early type of Eapp commutator. Here, as was intimated, a 
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special object has been, to secure a abort total length in 
proportion to the length of brush contact surface. Tiie 
difference between these and the Brat four is at once apparent, 
m that tbej are undercut at the ends, and the washer and 




Fig. 70.— Keiinecly. 
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mushroom head more or loss let into the ends of tl 
segments. This is especially the case with Figa. 70 and 71 
while with the former in particular the total length scaroal 
exceeds that of the segments. A further difference, hoi 
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ever, will be seen, ia that while the segments of the first 
four were all bedded on the sleeve with insulation between, 
in these latter there is no insulating material here, an air 
space between being left instead. Moreover, whereas the 
washers and heads of the former had only one slope, tending 
to force the segments inwards, in these latter, excluding 
Fig. 71, there are two slopes. Thus the effect of tightening 
the nut is to maintain the segments at a constant diameter or 
pitch, instead of only forcing them inwards. This forms an 
essential difference in construction. The angles of the reverse 
slopes are 45** with the axis of the shaft. Now in Fig. 7 1 we 
find this peculiarity that air spaces are left, lettered 11, between 
the inner side of the undercut and the outer periphery of the 
insulation ; while at the same time there is no bedding on the 
sleeve, and the washer and head have only one slope. Thus 
the bars are all simply pressed inwards by tightening the nut,, 
and held together like the voussoirs of a circular arch or culvert ; 
the case would be analogous in Figs. 66 to 69 were the interior 
insulation round the sleeve omitted or but loosely fitted or 
packed in. If, however, returning to Fig. 71, the spaces II 
were filled up solid, then the segments here also would be 
maintained at one set diameter or pitch, as in the case of Figs. 
70, 72, and 73. Assuming, however, the single slope, without 
there being any direct support for the bars radially from the 
centre, then, especially when the commutator is divided into a 
large number of parts, the taper of each segment on its cross 
section is so slight, that an accidental blow on the outside, on 
any one or two of them, might drive them in, in spite of the 
tightness of the nut; thus the whole would be put out of 
truth, necessitating a return to the lathe. Hence a direcc 
support both inwards and outwards would appear preferable, 
either by means of the single slope under the head and washer, 
and bedding on the sleeve, or else by double slopes on washer 
and head, as in Figs. 70, 72, and 73. 
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la these four designs, Figs. 70 and 71 especially, it will be 
obBerved that the brushes cannot wear right through, as they 
were open to do in Figs. 66 to 69, for they would reach the 
vasber and insulating ring before doing so. They all have a 
clear shoulder, as at i, Fig. 67. It might appear in reference 
to Figs. 70 and 71 that on much wear taking place the sections 
of the segments at r would become so reduced as to choke the 
current flowing to and from the lug. But as so little wear is 
allowed at all, renewals would be needed before much trouble 
in this direction could arise, at least, in the case of Fig. 70i 
Eiceasive wear may, of course, lead to difficulties here, as else- 
where. In the other designs the undercut is not ne&rly so 
greaL It may be noted that there was a slight undercut 
at the lug end in Fig. 69. 

Regarding the matter now, however, from the point of view 
of prime cost, we find these latter four examples compare 
favourably with the former. Thus a slight gain accrues at 
once from the shorter sleeves. But from the fact that therft 
is no insulation between the bars and the sleeve, aud pro- 
vided the air space thus left is not lees than (say) ^'ji 
there ia no necessity either to bore the interior of the 
mente or to turn the outer cylindrical surface of the sleeve; 
and so machining ts saved. In Fig. 72 a further saving in this 
same direction is effected by chambering the interior cylin- 
drical surface, lettered s s, thus leaving only the ends to bore 
smooth to fit the shaft, while the chambered portion need have 
only a roughing cut taken off it, if any. Moreover, as the 
length of the segments themselves in the latter four does not 
exceed what is required for the brushes and lugs, whereas in 
all the other designs we illustrate there are projections at 
both ends beyond these limits, metal is saved in this respect. 
Economy is also effected, of course, in insulation, 

A distinctive feature in Fig. 73 ia that nuts are escbewedji 
and two sleeves are adopted, the one screwing into thi 
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I, however, it has two washers, 
. the Bame pattern. We may 



Other, aa shown. Aa in Fig. C 
one at each end, and both froi 
Dote a further characteristic which these hold in common with 
the waahera in Figs. 68 and G9. This is that the; are not 
centred on the sleeve, excepting in so far as in Figs. 68 and 
69 the washers there force the segments on to the interior 
insulation, and so become centred thereon themselves. In 
the other designs before us the washers are bored to fit the 
sleeve, and so are centred on it ; and the; are thus the better 
adapted to assist in maintaining the truth of the commutator. 
But in Fig. 73 they are not centred on anything whatever, 
and entire dependence for maintenance of truth is apparently 
placed on the friction of the grip between the sleeve heads. 

An advantage, however, in connection with these latter four 
designs is that for larger diameters of commutator, while 
assuming the same diameter of siiaft, it is only necessary to 
increase the diameters of the washers and nuts, simply leaving 
a, larger air space between the segments and the bush. For 
veiy large diameters the bush may be double, being com- 
posed of an inner cylinder riding on the shaft, and an outer 
cylinder carrying the segments, united by radial ribs to the 
inner one. By this arrangement passage for ventilation is 
afforded by the space between the cylinders. 

We now come to iora more designs, Figa. 74 to 78. Of 
these the first two, it should be stated, we borrow from 
Prof. Silvanus P. Thompson's "Dynamo Electric Machinery," 
Fig. 74 is another design by Mr. Gisbert Kapp, and Fig. 70 
one by Messrs. Paterson and Cooper. Fig. 77 is another 
" Westminster " design ; and Fig. 78 is a design adopted by 
Dr. Hopkinson, though with this latter we are not able to 
show any insulation. Fig. 74 will be seen to be similar to 
Fig. 73 in having a double sleeve : otherwise it is totally 
unlike. It is, however, similar to Fig. 78 in simplicity of end 
. and in having very large angles. Fig. 75 represents 
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Mr. Kapp's latest form of commutator, which we borrow front 
the very fine collection of plates at the end of the fourth" 1 
edition of Prof. Thompson's book above referred to. It will | 
be observed that the double sleeves are abolished, only a 
fragmentary idea of a second sleeve being represented by * I 
prolongation of the nut. Comparing with Fig. 71, it will be 
obeerved that the gaps there lettered I are here inside the 






Fia. 75.— Kopp. 

insulating cones, instea,d of outside. But this apparently small 
transposition of tbe gap is not without eSect. It will be 
that it makes all the difference between the circular arch priH' 
oiple of support for the segments, already alluded to, and K 
solid central bedding. For with tbe gap inside the insulation, 
as shown in Fig. 75, the segments are directly supported by 
the cones at either end, and bo cannot fall inwards toward th» 
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oentre, and are, in fact, held at a certain rigid pitch or diameter, 
in the same manner as with Figs. 70 and 72. The washer 
rides on a shoulder of the nut, and so is centred on it. It maj 
be noted further how that, in accordance with previous remarket 
owing to the adoption of an aur space for insulation between 
the segments and the sleeye, and to the supporting of the seg- 
ments at the ends only, a large diameter maj be, and is, 
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Fia. 76. — Paterson and Cooper. 
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Fig. 77.— " Westminster. 
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Fig. 78. — Hopkinson. 



reached by simply increasing the diameter of the washer and 
head. 

Figs. 76 and 77 will be seen to have similar segments, and 
both differ from the remainder in that they have insulation 
under the ends of the segments only. They thus effect a com- 
promise in this respect between the first four designs and the 
second four we have illustrated. Bedding on the sleeve is 

secured without the expense of carrying this the whole length 

i2 
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of the segments, ajid ao eaving in both m&chiDery and insula- 
tiou is effected. This method of bedding may be effected 
with mica, folded rouod ia narrow strips, aod in very thin 
layers : for when very thin, mica is estreraely pliable. In 
Pig, 76 a small washer of triangular section is used, which 
rides, however, on a shoulder on the nut, and bo is 
centred. In Fig. 77 the washer rides on the sleeve, and is 
prevented from turning by a pin. let into the sleeve, as shown 
at t. The object of this is two-fold, inasmuch as it prevents 
any possibility of slewing the segments on tightening the nut; 
and also it gives security for locking the nut by means of the 
screw u put through both parallel with the shaft as shown. 
Another simple method for securing the same ends is to cast a 
snug on the inner periphery of the washer, in such a manner ae 
not to interfere'with its being turned in the lathe, which shall 
engage between snugs or in a slot in the sleeve. For the evil 
of slewing the segments, caused by the washer going round 
with the nut (when not prevented), and taking the ends of the 
segments with it, is not an imaginary one ; though many 
makers rely for its prevention on the tight clamping of all the 
parts together during the process of tightening up the nut. 
A further distinctive feature about Fig. 77 ia that it is put on 
the shaft without being held there by a nut or nuts at the end, 
A sufficiently stout steel screw is put in at the end of the 
sleeve projecting beyond the nut, ae ahown at i', experience, so 
far as we are aware, justifying this as quite enough. For as 
there is no conceivable force, at least siich as could be antici- 
pated, apart from mere vibration, with a tendency to separate 
the oomniutator from the armature, there aeems no reason why . 
the simple screw should not be sufficient. This method ia, I 
however, not peculiar to the one type we illustrate. 

It is essential with all commutators that they be driven J 
direct from the shaft. Hence we find in Figs. 76 and 78 that ] 
the sleeve is keyed to the shaft ; while in Figs. 66, 6 
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and 77 a steel pin is driven into the shaft, as at g^ for this 
purpose. The nuts, whether of gunmetal, wrought iron, or 
steel, are usually circular, with radial holes, or else rectangular 
notches in the rim, for the use of a tommy to tighten up with. 
But, as shown in Fig. 76, horizontal holes parallel with the 
shaft may also be adopted ; while two flats, one on each side 
the nut, for the use of a spanner, is another method. 



CHAPTER XIIT. 



COMMUTATORS.— CONNECTIONS WITH ARMATURE 

WINDING. 

This chapter we propose to give to the consideration of some 
remaining items more or less independent of the interior con- 
struction of commutators. Some of the various methods in 
which the lugs are formed, and connection with the armature 
winding achieved, may thus engage our attention. 

As already intimated, the commutator lugs may be either 
cast in one with the segments, or they may be separate pieces 
soldered or brazed in. This latter has of necessity to be the 
method adopted when the segments are of rolled copper, except, 
perhaps, when, as in cases previously alluded to, the armature 
is wire wound, and the commutator large in proportion. The 
lugs when separate are frequently made of two strips of copper 
riveted together, opening out into a fork at the outer end 
to receive the winding end. This is shown herewith. Figs. 79 
and 80. The nitch in the segment receiving the inner ends is 
cut out with a small circular saw, which accounts for the 
rounded comer a. 

Figs. 81 to 83 are other variations. Here one strip only is 
used, bent over at the top as shown, «o as nearly to enclose the 
winding end soldered into it ; and the inner end, instead of 
being received in a nitch, lies in a recess at the side of the 
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segment, which may, however, be cut with a saw the same as 
the nitch. It may be riveted to the segment as wxll as 






Fig. 79. 



Fig. 80. 



soldered. A very common way, instead of enfolding the 
winding end when this is a bar, is to make a saw cut in the bar 

Fig. 81. 
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Fig. 82. 



Fig. 83. 



end to receive the outer end of the lug, as shown in Figs. 84 
and 85. The lug is then simply a straight strip of copper. 
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received and Boldered or otherwise fastened into a saw cut at 
both ends. In all oases, the outer end of the lug, beside being 
soldered to the armature bar, may also, as already intimated, 
be either screwed or riveted tbei-eto. 




m 



A case where rolled 
winding without the ui 



legments may be combined with wire 
i of additional lugs is illustrated in 




Figs. 86 and 87 herewith. Quasi lugs are formed by turning 
a groove d in the segments. 




Turning our attention now to cast segments, we find a 
common form in Figs. 88 and 89. Here very short lugs only 
are necessary, with wire winding, when, as in the previous 



figures, the wire con easily be bent down to the Bmaller dia- 
meter ot the commutator. In the case, however, of bar-wound 
armatures for heavy currents, where the bar ends cannot be 




brought down, the lugs must then extend to the full diameter 
of the armature, as illuatrated in Figs. 90 and 91. This looks 
very neat, the lugs being all turned up bright as well as the 




brush contact surface. Fig. 92 is a variety where the lugs are 
sloped toward the armature. This has the advantage of allowing 
more room for the brush-holder, bo that the brushes can bear 
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right up to the roots of the lugs. It also practioall; elimi- 
natea the abort piece of single conductor bar that passes from 
the armature end winding to the lugs. For this piece, when 
the brush contact surface is not wider than ooe segment^ 




has to cany the whole current when iu series with the brush, 
and being only of a size adapted properly to carry but half 
the current, it would then offer a resistance. Generally, how- 
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ever, this resistance is considered negligible owing to the 
shortneaa of the piece ; and the bar does not heat aa it 
otherwise might, owing to the fact that it revolves in the 
open air, and so is kept cool. But another variety of the 
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same thing ia shown in Figs. 93 and 9i, Here, it will be 
Been, the luga, instead of being carried out solid to the outer 
periphery, are considerably lightened, and open spaces left 
between them. This latter arrangement, especially when 
there ia much difference between the diameters of the armature 
and commutator, must he decidedly more economical. For 
there ia less metal and less insulation than in the former, and 
labour is saved in not having to machine or file up the sides 
of the lugs. Ventilation, moreover, ia completely stopped in 
Fig. 91, but not in Fig. 94. A good example, however, of the 
method shown in Figs. 50 and 92 occurs in the case of the two 
commutators of the Elwell-Parker motor-generator, or con- 
tinuous-current transformer, already once alluded to. For here 
tbe commutators, especially the high'tensiou, are abnormally 
large in diameter. Fig. 95 illustrates a further method of 
connection, used iu the case of the Hopkinson adaptation of tbe 
Hefner-Alteneck end winding for drum armatures. Here union 
is made with the interior ends of the cross connections, instead 
of to the exterior. Hence a bar, screwed to the segments, and 
soldered or brazed or otherwise fastened to the ends of the 
involutes i i, is all tliat ia required for the purpose. 




CHAPTER XIV. 



SPARKING AT COMMUTATORS.— ELEMENTARY 
THEORY OF ELECTRIC SPARKING, 

Thb sparking that takes place at the brushes on a commu- 
tator is a subject that may now engage our attention in this 
and succeeding chapters. It is far, however, from being a 
matter of mere scientific interest to find out what may be 
the precise cause or causes of this peculiar phenomenon. For, 
as seen from a practical, not to say a mercantile standpoint, 
these scintillations, so brilliant to the eye, are none the less a 
manifestation of so much wasted energy, destruction of material, 
and loss in capital or dividends. A double object, therefore, 
each of weight, will attend any investigation into such a sub- 
ject ; and it is hence, with this purpose in view, that we may 
now proceed. 

At the outset of our task various preliminary questions 
occur, which will have presented themselves in times past, and 
doubtlessly still present themselves to the inquiring mind in 
detail. Thus, what are the exact reasons that brushes will spark 
in one position on a commutator and not another ; and why 
worse in one position than another ? Why do some dynamos 
always spark, but not others ? Or, again, why do dynamos 
sometimes spark, and yet at other times give no trouble in this 
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direction whatever 1 While & jet further problem 

sent da; interest relates to the compiiratiTe absence of spark-J 

ing in connection with the uae of carbon brushes. 

A better solution of these and many other similar queriec ■ 
will be arrived at if we endeavour in the first instance to^ 
attain some clear uuderstanding on the subject of electric 
sparking generally, apart from that in connection with com- 
mutators in particular. For it is evident that, without a 
proper comprehension of the fundamental laws and facts, no 
really good and satisfactory understanding of more complex 
portions of the subject ultimately to be arrived at, will be 
possible. 

Thus a first necessary condition for any sparks is that there 
must be a difference of potential or electric pressure between 
two bodies, for a spark to pass from one to the other ; and 
such a spark will then flash from the body of higher potential 
to the lower. 

We may now, however, submit electric sparks to 
division into five distinct orders. These are as follows :- 

(1,) Statical disruptive sparks. 
(2.) Induction disruptive sparks. 
(3.) Self-induction disruptive sparks. 
(4.) Continuous flame, or voltaic arc. 
(5.) Continuous disruptive dischai^e. 

The above classification, it will thus be observed, is based on 
differences, partly in the effects and partly in the causes. We 
may briefly review these orders separately, before more fully 
studying them in a greater or less measure coujotntly. 

The first is distinguished by the fact that it occurs witbfl 
statical electricity : that is, the electricity which is produced bjr>l 
friction between various substances, such as glass and silk. I 
or fur, and resides ou the surface of the charged bodies. I 
Two bodies thus charged respectively with positive i 
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negatiye electricitj, or one of them not charged at all, bemg 
brought near together, a disruptive spark will flash between 
them without their being in contact. 

A spark of the second class takes place in connection with 
current electricity, such as is generated by a chemical battery 
or a dynamo. It is of high voltage and is disruptive, and, like 
the first, requires no previous contact of the objects between 
which it passes. 

Th.e third, or self-induction spark, is also the result of 
current electricity, and a high electromotive force between 
the terminals. It is likewise disruptive, but only follows after 
previous contact. 

The fourth in our classification, or voltaic arc, is a further 
phenomenon in connection with current electricity. It is 
preceded by a spark of the third order; but is then depen- 
dent on the electrodes not being parted by too great a gap 
in proportion to the strength of the current and its potential, 
principally the latter. This latter condition being observed, it 
has the peculiarity that it continues over a gap too great for 
the normal potential to send a spark across, in the well-known 
manner exemplified by the ordinary arc lamp, and contrariwise 
to the complete cessation of their being, and the infinitesi- 
mally small fraction of time occupied by a spark of either the 
first three orders. 

The continuous discharge forming our fifth order is a simple 
effect in current electricity, where there is a normal very high 
potential difference between the electrodes. It is disruptive,, 
and requires no previous contact. 

We may now, however, subject the above to a more complete 
analysis, taking the various orders into consideration, not only 
separately, but as intimated, also in conjunction with one 
another. Thus, statical electricity, besides residing on the 
surface, for instance, of jars or brass knobs and so forth, is of 
extremely high potential — it may be of hundreds or thousands. 
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of volte ; while the current, if it may be stud to have any 
in passing from one object to another, may only be a minute 
traction of an ampere. A poouliaritj, moreover, of sparks of 
thiB claaa, even when of great length, and so of great potential, 
is that they have but little effect on the electrodes they 
play between, such as the brass knobs of a frictioaal electrical 
machine, which only become slightly tamiahed. But they are 
far, however, from being necessarily harmless : for these sparks 
have this further peculiarity, that they are destructive to any 
dielectric substance that may be between the electrodes, in thi 
eense that they ca.npiej-ce or /ireak and rupture anyauch object 
Thus a spark may bo made to pierce not only the air, but, 
with a sufficiently high potential difference between the elec- 
trodes, also glass, paraffined wood, ebonite, or other such 
materials. Hence the term "disruptive," as applied to this 
kind of apark. It is in this direction, indeed, that the de- 
structive effect of lightning is probably to be found. For while 
& cloud may be a body heavily charged with statical elec- 
tricity, say positive, the true negative will be the damp interior 
of the earth. Objects projecting above the ground, such ae 
trees and tall chimneys and so forth, are for the moat 
dielectric, though perhaps not entirely so, especially iu so 
aa they contain moisture ; but in so far as they are dielectric, 
the large disruptive apark known as a " flash of lightning " has 
a deatructive effect on them in its endeavour to pass by their 
means to its true negative in the body of the earth ; while a 
good conductor, such as a copper rod extending from the 
summit of the erection down well into the earth, 
counter the disruptive qualities of the discharge, and so wiU, 
escape damage. 

Passing the second and third of our orders for the time being 
in this more particular review, we may now glance at our fourth 
order — the arc. As a clear conception of the production and 
continued generation of this form of electrical dame wiU tend 
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to a good understanding of our subject as a whole, we may con- 
sider it with more or less thoroughness. In the first instance^ 
it has to be borne in mind that the carbons in an arc lamp form 
part of what is termed a '* circuit." That is, the electric cur- 
rent, starting from some generator, is conveyed by a conductor 
(say, a copper wire) to one carbon; it thence passes to the other 
carbon, and back by another conducting wire to the negative 
terminal of the generator. In this case, moreover, at least 
with " continuous " currents, the electricity passes through the 
interior of the conductor, in contradistinction to the manner 
of the statical electricity, which lies on the surface. With 
l^e latter, a "circuit" as above described is not necessary; 
for there it is a pure case of two bodies charged at dif- 
ferent potentials, of which, when they are brought sufficiently 
near, or are connected, the one higher charged will discharge 
into the lower one, so that both become of equal potential. 
This may be likened to the case of two tanks of water at dif- 
ferent levels ; when connected by a pipe the water in the higher 
one will flow into the lower till both are of the same level. But 
there is nothing of the nature of a circuit ; and when the water 
in both is of the same level, the action ceases. Current elec- 
tricity, on the other hand, may be compared to the case of 
hydraulic distribution of power, wherewith the water is pumped 
by engines into a series of pipes which convey it to various 
points where its energy may be utilised, as for working lifts 
and hoists, and thence bring it back to the suction of the 
pumps once more. It may be brought back to the pumps, that 
is. For after having been used, it can be run to waste, or re- 
turned to the earth instead, and fresh water be pumped into 
the pipes. The earth may then be said to be the return half 
of the water circuit. For as the used up water is returned to 
the earth, so is the fresh water drawn originally from the earth. 
It is thus also with electric currents, though in practice only 
with weak currents, such as are used for telegraphing purposes. 
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The return half of the circuit may be the earth instead of 
another wire or " lead." 

Hevertiug, however, to the arc, we find the explanation of 
this phenomenon, which we take from Prof. Silvanua Thomp- 
eon's " Elementary Lessons in Electricity and Magnetism " 
(though we use our own words), to be as follows :^0n the 
oarbonB being duly connected up in a circuit as described, 
they are first allowed to be in contact at their points, 
A current, which experience shows should not be less than 
5 amperes as a minimum, or at a less pressure than 40 or 
50 volts, is started through the circuit. The carboua are 
then drawn slightly asunder. At the first instant a self- 
induction spark of the third order of onr classification, to be 
■dwelt on later, flies from the positive carbon to the negative. 
This is accompanied by great heat due to the current, which' 
volatilises into gas Kome particles of the opposing carbons. If 
now the carbons be drawn not too far apart, this gas will form 
a conductor for the current from one electrode to the other. 
The precursory self -induction spark being spent, and the cur- 
rent now flowing continuously through this gas, intense heat 
is developed owing to the high resistance of the latter. This 
causes the points of the carbons to become white hot, 
whence arises the light. They are thereby also slowly con- 
sumed j and it is to be noted that the positive carbon, or tbat< 
from which the current flows, burns down at twice the rate 
of the negative. The current flowing continuously through the 
gas from one carbon to the other, in appearance like a blua 
ambient flame, thus forma what is known as the voltaic arc. 

A marked difference will thus here be noted between the arc 
and the disruptive spark already enlarged on. For, contrary 
■ to the case of the spark, the electrodes are here distinctly sub- 
ject to destruction. A body between the electrodes- — that is, 
within the arc^will also be destroyed, however, though not by 
any form of disruption aa with the spark. But the intense 
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heat of the aro will bum« melt, or volatilise, almost if not quite 
^very known substance. 

Now, as explained, the arc is immediately preceded by, and 
has for one of its own pre-existent causes, a spark of the third 
<Mrder. To this latter, and the second order, we may now give 
our attention. Induction and self-induction sparks, like those 
of the first order, are disruptive. But they differ from the 
first, not only in being effects of current electricity as inti- 
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Fig. 97.— Induction Coil at " Make." 



mated, but further in that they have their origin in magnetum. 

This we may now proceed to make more clear. 

It is well known that if a coil of wire be made as shown in 

Fig. 96 herewith, and a current of electricity be sent through 

it, a magnetic field will be formed within the coils. If the 

direction of the current be as indicated by the arrow heads, 

then, according to Ampere's well-known law, the polarity of the 

field thus formed will be as also shown by the letters N and S. 

Should the current be reversed, the poles will also be reversed. 

k2 
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Moreover, on an iron bar being enclosed within the coil aa de- 
picted, the magnetic effects will be etill greater, owing to the 
iron having a much greater magnetic permeability than air. 

In Fig. 97 are shown two coils, one within the other,. 
having a common centre line, and also enclosing an iron core. 
Now, especially when an iron bar is encloxed as represented, 
a further effect may here be realised. This is, that if a svddett 
current be sent through one of these coils, say the interior 
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" Break." 




9, it will indvce a sudden current running in the oppontF 
direction in the other coil. Further, ou suddenly breaking the 
primary current in the interior, a sudden current will s 
be induced in the outer or secondary coil, but this time in 
the same direction as the primary current, as shown in Fig. 98. 
In Fig. 97 the induced secondary current tends to produt 
polarity opposed to the polarity of the primacy coil, as shown 
by the small and large letters ; while in the case of Fig. S 
the secondary polarity augments the primary. But the point 
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immediately to be arrived at, is that this secondary current 
is purely a magnetie effect — that is, a result obtained through 
the intervention of magnetic induction. On this we may yet 
further enlarge. 

In Figs. 99 and 100 is shown a simple armature coil in a 
-field between two poles N and S, which may be revolved 
about an axis z y. Now, in Fig. 99, where the coil is shown 
quite vertical, and so with its plane normal to the lines of 
force running from N to S, if the coil be rotated in either 
direction, by which motion the number of lines of force it 
•encloses is being diminished, a current will run round it 






/ 
Fig. 99. — Lenz's Law Illustrated in Elementary Dynamo Coil, 

as shown by arrow heads. Its polarity also (as in Fig. 96) 
will be as indicated by the small s and n. In the case of 
Fig. 100, however, the coil is represented by the curved arrow 
as rotating from a horizontal position to a vertical. It is thus 
increasing the number of horizontal lines of force that can pass 
through it. The result is that a current will course round it, 
but in the opposite direction to that in Fig. 99. Now, a point 
to be noted is that in Fig. 99, the n and s poles of the coil are 
•attracted by the respective N and S poles of the field that they 
oppose, and hence will offer opposition to the rotation of the 
'coil. In Fig. 100 also, it will be seen that in conjunction with 
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the direction of rotation, the s and n poles of the coil are being 
brought nearer to the S and N poles of the field, from which 
they are naturally repelled. Hence here also there is opposi- 
tion to the revolution of the coil. The opposition to the J 
rotation, which in these cases is the necessary cause of ths ' 
current in the coil, and bo of the polarity of the coil, thus 
illustrates Lenz's law, that art;/ primary cause for an indvetd 
eleelric cvm-nt prnducfs fffectg which tend to eliminate melt 
primary came. 

We may now return to Figs. 97 and 98. It should be mentioned 
firat that the iron core ia supposed to be without e 
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when there ia no current flowing round it In Fig, 97 we 

the Buddeu influx of the primary current causing the lines of 
magnetic induction within the core to rise in number from 
aero up to a certain masimum. This increase in the linea of 
magnetism is now the real cause of the current generated witl 
the outer secondary circuit, running round in the opposil 
direction to the primary, iis shown by the arrow heads. 
oiaely as au increaae is a cause of such an efi'ect in Fig, 10( 
The rcBult of this, again, is that the aecondarj current tei 
to produce poles s and n, which are contrary to the primary: 
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that is, to eliminate the very influx of magnetism by whioh 
the secondary current is itself called into existence. 

Now, while the primary coil may be of a few turns of stout 
wire, the secondary may be of a large number of turns of fine 
wire. The potentials of all the turns of the secondary being 
accumulated, forms an enormously high total electromotive 
force between the ends of the secondary, brought near together 
as at g. This distance not being disproportionate to the 
electromotive force, a disruptive spark will strike across in 
the direction of the arrow heads at the instant of the sudden 
increase of the magnetism of the core. The primary current 
continuing steady, and there being no further alteration of the 
magnetism of the core, there will be no continuance of current 
in the secondary, and nothing more will happen except that 
the full strength of the primary current and the polarity of the 
core become established after the cessation of the resistance 
thereto offered by the secondary. But if the primary circuit 
be now suddenly broken, there will be an immediate decrease 
of magnetism in the core, from maximum to zero. This will 
cause a current to flow round in the same direction as the pri- 
mary, as shown in Fig. 98, contrary to the manner in Fig. 97. 
A disruptive spark will fly across at g again, but in the opposite 
direction to that in Fig. 97. The secondary here will cause a 
polarity identical with that of the primary. It hence tends to 
maintain the primary polarity, while it is to the very fact of 
the decreadng of this magnetism that it owes its own existence. 
We thus see in these two cases a still further exemplification of 
Lenz's law as above enunciated. 

Now, the sparks that take place at the gaps g in Figs. 97 and 
98 are induction sparks pure and simple, such as belong to our 
second order. They are disruptive, and would do more damage 
to a dielectrical substance in the gap than to the terminals at 
either side. As explained, their electromotive force would be 
very high, and the current extremely small. The potential 
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difference, however, between the terminals will depend, as in the 
case of an armature winding, on the number and on the rate of 
the increase or decreoEe of magnetic hnes, and on the Dumber 
«f turna in the secondary coil. Thus, with a given rate of i 
making or breaking the primary circuit, a compound coil, large ) 
in diameter so as to enclose many magnetic lines, and with 
a great number of convolutions in the secondary coil, will 
obviously generate a much higher electromotive force than one 
of smaller size, and with fewer turns in the secondary. Trans- 
formers, or convorters, as they are variously termed, esemplify 
this kind of induction. A low tension alternating large current 
in the primary ooij, consisting of a small number of turns of 
tkicl: wire or copper bar, induoes an alternating high tension 
small current in the secondary, having a large number of turns 
otjtne wire ; or vice vend. The resistance caused by the fine 
wire, it will be noted, keeps the secondary current small, 
though its electromotive force may be high. In the high-ten- 
sion experiments by Messrs. Siemens Bros, and Messrs. Swin- 
burne and Co., at the Exhibition at the Crystal Palace in 1892, 
wherewith pressures of 50,000 and 130,000 volts respectively , 
were attained, it was in this manner that such results ^ 
arrived at. Powerful disruptive sparks were emitted between 
electrodes ; while owing to the presence of an appreciable cur- 
rent also, enormously long arcs, 2ft. or so in length, could be | 
maintained. It is further to be noted here also, that owing to 
the normal potential being already so high, preliminary contact 
between the carbons was not required. The precursory spark 
of the arc was of our fifth order, and not our third order, as ia 
usual with the arc. For here, on the carbon points being 
brought within about 3 inches of each other, the current would 
immediately leap across, after the manner of that order, with 
which we shall deal in due course. 

As we have stated, however, the above refers to indnction 
sparks only, which are caused in a different circuit to that of i 
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the primary. Bat sparks similar in nature, and based on the 
same laws, may be obtained in the primary — that is, within 
any cirouit itself. Sach sparks, with cause and effect taking 
place within the same circuit, are the result of what is called 
the self-induction of that circuit, and we may hence style 
them self-induction sparks. These, forming the sparks of our 
third order, may thus now engage our attention. 



CHAPTER XV. 



SPARKING AT COMMUTATORS.— SELF-INDUCTION 
AND ELEMENTARY THEORY CONTINUED. 

Fig. 1 01 shows diagrammaticallj a complete circuit, including 
a coil with iron core. A generator is indicated at a, and a 
gap which can be closed at g^ while for the present the dotted 
line c c may be disregarded. Now, a current flowing steadily as 
represented by the arrow heads, will cause the same polarity 
of the coil here as in Fig. 96 ; though this would of course be 
only when the gap g was closed, as otherwise the circuit would 
not be complete. Let it now be imagined that in the first in- 
stance the gap g is open. There will then be no current flowing, 
and so no lines of magnetism within the coil. Suppose, then, 
the gap to be suddenly closed. We may note the immediate 
effect. A sudden generation and increase of lines of magnetic 
induction will take place within the coil, which will exercise a 
counter tendency to make the current flow round the coil in 
the opposite direction to that shown. It will thus momentarily 
retard the full establishment of the normal main current. But 
the full current becoming at length established, let the gap g 
be suddenly opened. The result will be a cessation of the 
main current, with consequent decrease of magnetism within 
the core. But a sudden decrease of magnetic lines will cause a 
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current to Sow rouDd in the same direction as the main car- 
rent. Henoe at the moment of breaking contact, the main 
current is reinforced with more or less strength and difference 
of potential, according to the dimensions of the coil aud the 
rapidity of the break. In consequence, a disruptive spark, dua 
to the sudden and great increase of potential between the oppo- 
sing ends, will take place at g, leaping across in the same direc- 
tion as the main current, as in Fig. 98. Yet further, inasmucb 




Flo. 101.— Diofirani Illustrating Self-Indi 

as we are dealing here with the main current itself, and i 
a secondary, if the points at y {Fig. 101) are not pulled t 
far asunder, the current may continue crossing the gap as ai 
arc, in the manner already described. It is to be noted that in 
the oases ot Figs. 97 and 98 these self -inductive retardations 
do actually take place in the primary coils ; and whil&„ 
induction sparks are produced in the secondary, self-induotii 
sparks may be produced at the moment of break i 
primary. 
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We thus find in the case of a self-indaction spark the 
effect of Lenz's law again. For the momentary counter cur- 
rent tends to retard the cessation of the main current, although 
it is the very act of this cessation to which the counter current 
and the sparks owe their existence. But, as already intimated,, 
these induction and self-induction effects are entirely due to the 
intervention of magnetism. It is thus that the phrase ** elec- 
tric inertia " is not a safe one to use instead of " self-induction." 
It is not the inertia of the current per se that causes it to fly on 
after a break of contact, and cross the gap in a spark. A high 
electromotive force may accumulate at the positive electrode 
at the break ; but this is not, correctly speaking, analogous 
to the high- pressure that may occur behind a valve in a pipe 
containing water flowing under pressure, when it is suddenly 
closed. In this latter such pressure is due to the momentum 
of all the water behind the valve, which is suddenly brought 
to a stop. Momentum implies weight. But there appears to 
be nothing whatever of the nature of weight in the electric 
current. Hence the cause or causes of effects manifested by 
an electric current that might seem due to something like 
momentum must be looked for in an earlier state of things. 
This is made clear by the fact that if the wire circuit, as in 
Fig. 101, be pulled out so as to form a simple circuit with- 
out any coils in it, and with the iron core also absent, there 
will be scarcely any self-induction left; and on breaking the 
circuit at the gap there will be little or no spark, although the 
actual total length of the wire is unaltered. Thus the absence 
of any accumulation of electromotive force at the positive elec- 
trode in this latter case, shows that there is not anything akin 
to momentum in the electric current, as with the flowing water 
suddenly stopped by the valve. With the coils it is a pure 
case of a sudden generation of an extra electromotive force in 
accordance with the laws of magneto electricity, already dwelt 
on. This newly-generated electromotive force, impelled by the 



magnetic forces to which it owes ita origin, risea to so high ■ 
potential in the positive electrode at the moment of break- 
may be to Bome hundreds or thouBands of volts — that it is i 
at the inatant to send a disruptive spark through the air and. 
across the gap in the manner described. 

We may turn now to the fifth order of sparks which we 
'have assumed. It has been stated that the sparks of the first 
three orders are the effects of a high potential difference 
"between the electrodes ; though iu the second and third ordera 
this will be higher than normal. Our classification is, howevei^ 
baaed on the causes rather than on tbe eS'ects themselves. 
'Thus, our fifth order of aparka are those that result from s. 
4igh potential of the normal or main current itself, without 
any magnetic or other augmentation. It is again an effect of 
current electricity. Two electrodes, for instance, in a circuit 
■of either continuous or alternating current electricity, of say 
10 amperes and 20,000 volts pressure, if held a few millimetres 
apart, would have a continuous disruptive discharge passing 
between them from positive to negative, and that mithout pre- 
vious contact. This latter characteristic thus alone would dis- 
tinguish it from an arc. But their brilliancy, as compared' 
with the low luminosity of the arc, that is, of the arc itself) 
disregarding the intense light from the white hot carbons, and ' 
the absence of the intense heat of the latter, together with a 
difference of the sound produced, would form further diatin- 
guiehing features. This fifth order, moreover, is not to be con- 
founded with the stream of sparks that may be obtained from a 
Ruhmkorff or other induction coil. For these latter belong to 
■our second order, having tor their cause magnetic generation. 

This continuous disruptive discharge of our fifth order, and 
indeed all disruptive discharges, have however a'yet further dis- 
tinct difference from the arc. This is, that they take the most 
fltraight and direct course to the negative. An arc, especially 
of any length, is easily nSade to take a circuitous path ; as, tor , 
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iustance, ib the esperimeats by Meaars. Siemena Broa. at the 
Cryst&l Palace, already alluded to. For here tlie electrodea, 
instead of being held the one vertically over the other in the 
usual manner, vere held level with each other in the same 
horiEontal plane. Being also about a foot or 18in. apart, the 
arc then rose frotu the one ISin. or 2ft. up\s'arilB, coming down 
again to the other electrode, thua forming the shape of a horse- 
shoe or arch. Yet this great divergence from the straight line 
to the other electrode was chiefly caused by the air draught 
due to its own heat and the mutual repulsion of its 
different parts. The arc, moreover, in this case, was not 
of a smooth regular form like, for cxamjile, a rainbow, but 
waved and oscillated, and behaved in a manner that may be 
better likened to an arched blue flame of fire. The rupturing 
character, on the other hand, of the disruptive discharges, is 
entirely due to their intense proclivity to adopt a straight 
course. Hence, rather than be turned aside by any obstacle 
that may be in the way, they prefer to break it up or pierce it^ 
and so attain their desired consummation. 

Our attention may now be directed to some special points. 
We have spoken of disruptive sparks and arcs, of current, 
and electromotive force, or potential. Some effects in parti- 
cular, however, may be noted. When dealing with the for- 
mation of the arc, we mentioned the great heat as being 
due to the current. A high voltage, with or without much 
current, produces on communication what is called a " shock," 
best made analogous perhaps to a vibration more or less 
terrific, according to its strength. But the current bums. 
A la^e current at a very low voltage will produce scarcely 
any " shock," but may produce great heat. This latter, 
however, depends on there being a resistance to its flow, A 
resistance being offered, the work done in overcoming it is the 
immediate source of the heat that will be manifested. If there 
be little or no resistance, there will likewise be little or no heat. 
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Now there ia always Mine heat with every kind of spark; 
but the point we wish to arrive at may be made more 
clear perhaps thus. Suppose an animal ia to be killed by 
electricity. It may be put in a circuit with a high voltage 
and small current, say 20 amperes at 2,000 volts. On switching 
oa the current, it is struck dead instantly by the " shock " 
due to the high potential ; while the body Bubsequently may 
show no signs of burning, for it will not bave offered suffi- 
cient resistance for the small current to take effect. On the 
other baud, if intense heat be desired to burn or melt any 
otherwise refractory substance, large currents are required 
Thus, we find in the caae of electric smelting furnaces, wherein 
the intensest beat is obtained by means of the arc, that 
extremely large currents of even 13,000 or 14,000 amperes are 
used : while there may be only an electromotive force of 30 to 
60 volts. Thus we observe that it ia to the presence of eurrnt 
that heat is due in an arc, with all its concomitant effects, 
auoh as burning, melting, and volatilisation : and it should be 
noted that the resistance that gives rise to the beat is not that 
due to the substance being acted upon, but to the arc itself: 
bence the comparative lowness of the electromotive force. 

We have already dwelt on the destruction of the eleA 
trodes of an arc. This, however, is not the only source of 
expenditure in either material or energy. For it is supposed 
that a back electromotive force is set up In the arc, which 
impedes the flow of the normal main current Hence, besides 
the energy necessary to overcome the resistance of the gas 
which is the product of the volatilisation of the carbon, energy 
ia also spent in overpowering this back electromotive force. A 
complete theory of the arc would, however, appear to be want- 
ing. But at the British Association meetingB in Edinburgh 
in 1892, a Paper on the subject was read by Prof. Silvanu«' ■ 
P. Thompson {see TU Electrician, Vol. XXIX., p. i60), should J 
any feel interested in knowing more. Further, however, whenfl 
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considering the arc and its generation, we have observed 
that it is commenced by a disruptive spark, which may 
be of either our third or fifth orders, accompanied by great 
hi9at, due principally, as we now find, to the presence of the 
current : for a statical electric spark, wherewith there is 
practically no current, does not cause much heat. A further 
point, however, to be noted, is the extremely small amount of 
time occupied by a disruptive spark. This is, in fact, infini- 
tesimal ; the time taken by so great a disruptive spark as a 
flash of lightning being at the most only about the hundred 
thousandth part of a second. 

We have now reached that stage in our progress, however, 
when we may bring the above to a practical bearing. Thus we 
may consider what happens on the opening of an electric switch 
such as is in common use. When this is done, usually a flash 
is seen. Moreover, the switch may so be held that an arc is 
maintained between the moving tongue or contact piece and 
the fixed contact piece. But allowing it to be opened quickly, 
even by the means of some spring snap arrangement, the open- 
ing will still take a very appreciable amount of time com- 
pared to the extremely small period required for the spark. 
No switch could endure, whereof the moving parts moved with 
a speed even approaching that of a flying bullet. 

The upshot, hence, in fche case of a flash seen at the opening 
of a switch, is that, whereas this may have for its commence- 
ment a self-induction disruptive spark of our third (or fifth) 
order, the remainder of the flash will be a momentary arc due 
to the current ; and the greater the current, the greater will be 
the deflagration.'* 



* This point of the brilliancy of the flash, or the deflagration, depending 
on the quantity of the current, and also that of the intensity of the shock 
depending on the E.M.F., may be found fully discussed in the earlier part 
of Chapter IV. of Prof. J. A. Fleming's book on " The Alternate Current 
Transformer," Vol. I. 
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Now we found when examiniDg the arc between two carbon^ 
that the precursory spark volatiliaed some particles of carbon; 
that is, heated them so intensely as to turn them to gas. 
Further, we noted that on the establishment of the arc both 
carbons were burnt, owing to their oxidisation in the 
the positive carbon at twice the rate of the negative. NoWf 
metals will volatilise more easily than carbon ; and nioreovi 
they also oxidiae when heated and exposed to the 
when not fused. Hence, in the case of the flash seen with 
the switch, and drawing our inference from the arc between 
two carbons, we find that both contacts are exposed to destruc- 
tion. Firstly, some of the metal will be volatilised by the 
precursory spark ; and secondly, the positive contact will be 
burnt and oxidised away at twice the speed of the negative 
by the following momentary voltaic arc. This, however, 
assumes an ordinary current, such as may be large enough to 
maintain an arc, and an ordinary electromotive force of but s, 
few hundred volts at the outside. In the case of very high 
voltages, and a current too low practically for an arc, the flash 
on the opening of a switch would be a momentarily continuous 
disruptive discharge of our fifth order. Both contacts may con- 
sume away somewhat, owing partly to their oxidisation on tieing 
heated and partly by volatilisation. But returning to the case 
of a switch in a circuit where there is au appreciable current, 
we find this peculiarity, that, inasmuch as in point of the time 
taken by the flash by far the larger proportion is occupied by 
the arc, it is the arc that works the greater destruation, chiifly 
to the positive electrode. 

Having thus far entered into the subject generally, we may 
now perhaps consider ourselves the better prepared to examine 
with some closeness what is our main subject^the sparkiuj 
that takes place at the bmshea on a cummutator. 
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SPARKING AT COMMUTATORS.— THE ELEMENTARY 
PLANES THROUGH COMMUTATOR AND ARMATURE. 

Ck>H]fENGiNQ now to givo our attention to the sparking that 
takes place at commutators particularly, it may be well if at 
the outset we consider what are the conditions that usually 
obtain with a commutator of a well-made dynamo. For 
simplicity's sake, we will refer only to the case of an ordi- 
nary two-pole machine, of a closed-coil type. Such a case 
is represented diagrammatically in Fig. 102 herewith. It will 
be observed that a horizontal field is shown, with the north 
pole-piece on the right-hand side, and the direction of rotation 
of the armature as indicated by the curved arrow ; and, to 
avmd confusion, we will assume these conditions throughout. 
The commutator segments are denoted by the letters c c, and 
the radial lines bb indicate the coils or sections of the armature 
windings which may be either drum or Gramme, and short 
intervening radial lines represent the lugs connecting the 
winding to the commutator. 

Now, it was explained in connection with the armature 
winding in our first chapter, that in the course of the genera- 
tion of current and electromotive force under the above con- 
ditions, the coils of the armature winding which are nearly 

or quite horizontal, as at u; a;, generate the most potential; 
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for tbey are here including or excluding the horizouts 
lines of force of the field at the greatest rate. Hence e 
Mgment of the commutator connected to coils in this position 
will have its potential raised above that of the one below, bj 
an amount equal to the potential gathered by the coil or 
section of winding that connects them. Thua there will be a 
moMTOwm potential difference between adjacent segments at 
the gides vj and z. Out the coils that lie in planes nearly ot 




([uite vertical, as aX y z, are practically not including 
aioluding lines at all : hence they generate no potential, Coi 
sequently, there will be a minimum, or practically no potw 
tial difference between their commutator segmenta ; and t 
potential difference between any two adjacent aegmenta fl 
increaae as the plane of their connecting armature coil leay* 
the poaition normal to the lines of force of the field t 
approaches a position parallel to them ; and vice vend, NevM 
theleas, on one side of the commutator, say at the top, thn 



THE ELEMENT ABV PLAXLS. 



le a maximum potential, and at the lower Bide, a minimum 

itial. 

)w, a plane through the axis of rotatiou, also contEuning 




a. 103.— Plane of Coil Oetivceu 
two CummuCstor Segments. 



Fig, 1(M.— Plaue of Coil Cutting 
thruugh one Commutator Segment. 



Goil, or section of the winding, connected to the segments on 
}li the brush resta, ia linown as the "plane of commutation," 
it is herein, as the armature coils successively arrive into it, 
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that they change the direction oF the current within them, or 
are "commuted," It needs to be clearly understood, however, 
that this plane appertains to the armatvre winding only. The 
segmantB of the commutator may lie in or about the same plana 
as the eoila to which they are connected, as in the case of 
Gramme winding ; or with drum winding (approximately), when 
the parallel conductor bars on the armature run straight out 
to the lugB of the commutator. Or the segments may be 
at right angles to their connecting armature coils, as with drum 
winding, when the connection with the commutator segments ia 
made from the interior of the end-winding — that is, from the 
middle of the cross connectors, instead of from their exterior 
ends. This interior connection was exemplified by the Hop- 
kinson and Eickemeyer end-windings illustrated and described 
in Chapters VI. and VII. Figs. 103 and 104 will, however, 
make the matter yet more clear. In both of these a 6 ta an 
armature coil seen endways, extended in a plane x y. But in 
the former wo find this plane cuts exactly beUoeen the segments 
r and s to which the coil is connected : while in Fig. 104 it outa 
through the segment s. The latter is perhaps more usual in 
dynamo construction. 

It ia from this point, however, that we shall now need some- 
what to enlarge. Having thus far made allusion to what ia 
termed the piano of commutation, it will be necessary to 
e more fully in this direction.* For in order to arrive 
at a good understanding of our subject as a whole, 
assume five other such planes. These, together with the plane: 
of commutation, may be enumerated as follows ; — 
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•This Buliject is tliBcussetl in Prof. SUvunua P. TliompEciii'H "Dynimo- 

Electric Maohioery " (pp. 83 to 86: fourth, editioa). We have veotured, 

however, Co carry the anoljeis utill further, oad to put the subject, an it 

lador ttgi-eaterpowerof the microscoi*. Poiuta, we trust of interest, 

may thus be made to nppeiir, not oUierwife discernible. 
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(1) The plane of commutation. (Cn P in the diagrams.) 

(2) The neutral plane, or plane of non-sparking. (N P.) 

(3) The plane of requisite reversal. (R R.) 

(4) The plane of maximum E.M.F. through the commutator. 
<M' M'.) 

(5) The plane of maximum KM.F. through the armature. 
<MM.) 

(6) The plane of cessation of force. (C F.) 

We thus discover here six different planes-— each of which 
possesses its own special characteristics. So many may perhaps 
appear confusing, yet their elucidation is not difficult, and may 
at once be undertaken. 

At the outset, hence, it is to be remarked that the first three 
planes are entirely concerned with the current, and the re- 
maining three with the potential alone. One in each set of 
three, (2) and (4), appertains to the commutator, and the other 
four to the wnnature. In the accompanying diagrams. Figs. 
105 to 108, these planes are indicated by lines having the 
letters assigned to each in the above enumeration ; and for the 
sake of simplicity, the assumption in these diagrams is that, as 
in ilg. 103, the plane of the coil cuts the edge of the receding 
segment r. We may now proceed briefly with their several 
definitions. 

The first, or plane of commutation, already slightly touched 
on, may thus be more precisely described. Inasmuch as the 
act of the reversal of current in a coil cannot take place — that 
is, from full strength in one direction to full strength in 
the other direction — without some expenditure of time, however 
small, this plane of commutation may be considered as occu- 
pying that position wherein the coils, as they arrive into it. 
have an infinitesimally small amount of the reverse current 
commencing to flow in them. Practically, this is, of course, 
tantamount to saying that it occupies a position where there is 
no current in the coils. Further, however, it has to be under- 
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stood that this plane is not a JLrei/ element in the djniUDO^ 
for its positiou is governed by the brushes, which are movabls. 
This ia ilhistrated in Fig. 106, which shows the planes as thef 
become arranged when the brushea are shifted back. It will 
be observed that the Cn P plane follows the brushes, thoagli' 
with some degree of elasticity, inasmuch as it now passes 




Fiu. 106. — Armature Planes. 



through the points instead of the heels. This latter incidei 
will, however, be explained in a future Chapter {W.)i 
We have italicised the word citrretit above, for indeed this come 
mutation of current is not to be confounded with a change (A 
electromotive /ore*-, which is a distinctly different matter. Th 
)&tter phenomenon is a characteristic of the sixth plane, 1 
be dealt with presently, and, as we shall see, the cwrmt in 
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ooil may flow quite counter to the electromotive force of that 
coil. 

Now, whereas the plane of commutation had to do with the 
armature coils, the neutral or non-sparking plane, the next in 
our order, has to do with the commutator. This is indicated 
by the letters N P in Figs. 107 and 108. As its name implies, 




Fig. 106. — Armature Planes. Negative Lead to Brushes. 



it is that plane through the axis of the commutator, which 
contains the line on each side, where, if the brush points 
are resting there, no sparking occurs. Unlike the last, it is an 
invariahly fixed element in a dynamo — that is, normally and 
with a 43teady load. It does not move with the brushes, but 
contrariwise, has to be found by shifting the brushes to and fro, 
and so by experiment noting the position where no sparking 
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takes place. Of course, in some dynamos there is no such 
position, or at the best, only a point of minimum sparking. 
But to this we shall return, 

The third plane, or plane of requisite reversal, though dis- 
tinct from, is yet intimately connected with, the neutral plane, 
For when a brush is at the non-sparking point on the com- 
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mutator, this third plane is that occupied by the coil which 

connects the segment that is in the act of receding from the 
binish point with the immediately following segment on which 
the hrush rests. Similarly to the two foregoing, the current 
alone is here concerned ; and it will be perceived that this 
plane is an element of the winding. It is also a normally 
Iked plane, and lettered B R in the diagrams. As regards ita 
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fixity, in fact, it accords with the neutral plane of the commu- 
tator : and, depending entirely on couBtruction and the method 
of connecting up the armature winding with the commutator, 
it might coincide with the neutral plane. This latter, however, 
would only occur when, as in Fig. 103, the plane of the coil 
divides the two segments to which its ends are connected, or, 




Fio. 106. — Diagram showing all Planer, with Brushes at the sides. 



more accurately, when it passes through the edge of the re- 
ceding segment r, as shown. Otherwise, the two planes will be 
distinct, though at a mechauically fixed and invariable angle 
with each other, as illustrated in Fig. 104, where wz may 
represent the neutral plane, passing through the edge of seg- 
ment r, and at a fixed angle with the plane of the coil xt^; and 
also exemplified by the angle (3 in Fig. 108. It is necessary 



r to postpone a further explanation of this third plane, however, 
f until we can beatow more ample attention on it in the next 
L chapter. 

e now oome to the cons i deration of the last three planes, 
' which have to do simply with the potential. The first of 
these, No. 4 in the enumeration, is an element of the commu- 
tator, as already intimated. It is represented in Figs. 107 
and 108 by the line M' M', and is that plane through the axis 
of the commutator which contains the points on either side 
where there are rcEpeutively the maximum and minimnm 
potentials. When the brushes are at the non- sparking poicte, 
' then tliia fourth plane would lie behind, as shown in the dia- 
grams. It is normally a fixed element not movable directly with 
the faruBhes, and with a steady load, should not vary in position. 
We now arrive at the fifth in out order, the plane of 
maximum electromotive force through the armature. This 
applies to the armature, as the fourth applies to the commu- 
tator. It is indicated by the letters M M in the diagrams. 
When the brushes are at the non-sparking points on the 
commutator, this plane would come more or less behind the 
plane of commutation, and consequently still further behind 
the plane of requisite reversal, as shown in Figs. 105 and 108, 
As with the second and third planes, so the coincidence of this 
fifth plane with the fourth is a pure matter of conBtmctiou, 
and would, in fact, take place when the second and third 
coincided, m in Fig. 103 : or otherwise the two planes would 
be at a mechanically fixed angle with each other, as lettered 
a in Fig. 108, or as illustrated in Fig. 104. The condition 
depicted in Fig. 103, however, being assumed in these diagrams, 
it will be observed that if Fig. 107 be superposed on either 
Figs. 10.5 or 106, the lines NP and M' M' would coincide 
respectively with E B and MM. 

It is thus that when the brushes are resting on segments in 
the M'M' plane of the commutator they will gather the highest 
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E.M.F. ; or, in other words, there will then bo the maximum 
potential difference between the negative and positive brushes 
attainable with the machine. But sparking would thereupon 
ensue ; and hence, on moving the brushes forward to the non- 
sparking points in the neutral plane, a loss of E.M.F. is sus- 
tained. It is therefore desirable that the angular distance 
of the NP plane should be as little as possible beyond the 
M'M' plane, which is to be achieved, as we shall find, by 
making the field very strong in proportion to the armature self- 
excitation. 

This is, of course, another way of intimating that in a good 
machine the brushes will require very little lead. On the other 
hand, as pointed out in connection with Figs. 103, 104 and 108, 
the M'M' plane itself may be inclined, and so not normal, to the 
field, as a simple result of mechanical construction, so that the 
large lead given in such a case to the brushes would be more 
apparent than real; while further, by the same means, just 
the opposite results may be obtained, and the machine made 
to appear as though its brushes required little or no lead. 
This is doubtless the case in some machines, wherein the 
armature winding is so arranged that the coils are in advance, 
in the direction of rotation, of the segments to which they are 
connected. The armature planes will be ahead of the commu- 
tator planes, and the N P plane becoming at or about normal 
to the field instead of being in*front, the appearance of little or 
DO lead will result. What inference may be drawn, however, is 
simply that the position of the brushes at their non-sparking 
points, as seen by the eye, is no criterion of the real lead. 
A distinction in fact may be drawn between apparent lead and 
true lead. But the position of maximum E.M.F. can be deter- 
mined with a voltmeter, and the advance beyond that to the 
non-sparking position will then give the true lead. 

We have now, however, to consider the sixth plane, which we 
have termed the plane of cessation of force. This is, indeed, 
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the plane of commutation for the eUclromotive force of a ootI, in 
coatradUtiiictiun to the plane of commutation for the current. 
But as the tei'm " plane of commutation " ia uniTeroally used 
only in connection with the current, we adopt another t 
where reference is intended to the E.M.F. 

This plane of ceaaatiou of force, therefore, may be regarded 
as a plane that is invariably normal, or at right angles, to the I 
lines of magnetism traversing the core. It ia thus the plane ium 
which the coila, as they successively arrive into it, neither 
include nor exclude lines of magnetism, and consequently, cease 
tog(neraU,QT are not generating any E.M.F, — though they may 
be cliarged with the full voltage of the machine (see p. 9). 
The instant they rotate beyond, they commence generating the 
reverse E.M.F., whose function is to impel the current coursing 
in the other half of the winding (see Chap. I). 

In the diagrams, Figs. 105 and 106, this plane, lettered CF|I 
is shown at 90° with a line yy. This latter line represented 
the centre plane of the induction hues through the core, aud.'J 
passing through the ultimate poles of the armature, represents I 
its uUiraale polarity. Another line, xx, represents the centre! 
plane of the field. The angle d between them thus indicates J 
the "distortion of the field " alluded to in Chap. I. (p. 13). 

Now, it is evident that as the plane CF is invariably normal J 
to yy, if any cause affects the inclination of the latter plan^ I 
then C F must be similarly affected and made to oscillats. I 
Thus, as was explained in Chap. I. above mentioned (pp. 12 and 
13), the ultimate polarity of the armature is a compromise 
between its own setf-polarisation and the polarity of the field ; 
and in practice the latter is made much stronger than tha I 
former, so that a line (yy) through the ultimate poles willf 
only form a small angle (6) with the centre line (xx) of thftfl 
field. But it has to be observed that the self-polarity dtm 
the armature, depending on the circulation round it of its o 
current, can of necessity possess its two poles only at the twaj 
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regions where the current respectively enters and leaves the 
winding. In other words, inasmuch as the current can only 
flow in and flow out where the brushes permit, the armature 
self-polarity is directly governed by, and must folloto the 
brushes. Therefore, if the armature ^If-polarity is swayed 
by a movement of the brushes, the tUtimate polarity must be 
proportionately affected, though of course in a smaller degree. 
Consequently, G F will be affected also, equally with yy, A 
oomparison between Figs. 105 and 106 will reveal this change 
of position of C F, concomitant with the shifting of the brushes. 
In a strong field the difference between the F and M M planes 
may be small, as shown. But with a weak field, to be discussed 
in a later Chapter (XXIII.), a considerable angle may exist 
between the two planes, with much lead to the brushes. 

We thus find that whereas the plane of commutation (1) 
moves directly with the brushes, and the other four planes 
were absolutely fixed, and the two through the commutator 
to be determined by experiment, this plane of cessation of 
force occupies an intermediate position in this respect, and is 
what we may describe as semi-fixed. 

It is to be noted, however, that for any given position of the 
brushes, this C F plane is also the then plane of maximum and 
minimum potential for the armature. For as the coils at the 
positive end of each half of the winding occupy positions of 
successively smaller angular propinquity to this plane, 
whether approaching it, or receding therefrom (see p. 11, upper 
paragraph), so they generate less, but become more fully 
charged with potential; and so, when actually in the plane, 
though generating nothing, they are charged to a maximum. 
At the negative end of the winding, of course, the inverse holds 
good I and the coils in the plane are not only generating no 
E.M.F., but are also charged with a minimum potential. 

The normally fixed M M plane (5) may thus be further 
understood to be that plane which is occupied by the movable 
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C F plane, wheu the E.M.F. of the coil or Bection of winding 
in the latter is the maximum E.M.F. of the machine. As re- 
riection will make clear, this also can only be when the Cn P 
(ilane, movable with the brushes, is coincident with the C F 
plane. Thus, when the brushes are at the points of maximum 
and minimum potential on the oommutator, the three planes, 
C F, Cn P, and M M, are one. In other words, the brushes only 
gather the masimuni E.M.F. of the machine when the planes 
of the coils in series with them are normal to the main flow 
of induction through the armature, which can only occur when 
the brushes are in one particular position. 

Now we have stated that when the brushes are in the plane 
of maximum E.II.F., that is, the M' M' plane of the commu- 
tator, they will spark. When the brushes are put forward to 
the non-sparking position, the C F plane, ceasing to coincide 
with the M M plane, will occupy an intermediate positioQ, as 
shown in the diagrams. A fall of potential difference between 
the brushes will result as stated ; and it will be observed that ■ 
the current in the coils lying between the C F and the Cn P J 
planes, in order to reach the brushes, will have to flow against.J 
a. reverse, or counter E.M.F. For the commvtation of the a 
in the Cn P plane is taking place in advance of the reversal u 
the elsetromoiive force in the C F plane. 

With regard, however, to the sixth plane once more, as this 
is necessarily normal to y y, it is palpa" le that any causes, 
besides, or additional to, that of moving the brushes, that may 
alter the inclination of yy, and vary the angle 6, will produce 
a corresponding oscillation of the C F plane. Such other 
causes, however, may likewise affect all the normally fixed . 
plBues. But these we must leave for subsequent consideration. I 
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SPARKING AT COMMUTATORS.— ELEMENTARY 
CONSIDERATION OF THE BRUSH. 

Having thus far ordered and distiDguished between these 
various planes, we may now commence more closely to consider 
their application to the question of sparking at the brushes of 
a dynamo. Fig. 109, herewith, represents the top of a com- 
mutator ; B is the brush resting on two segments r and «, and 
the letters d d and c c show the coils bringing up the current 
from either side of the armature, as indicated by the arrow- 
heads. 

Now, normally, the current, in order to get from series c c to 
series dd^ ox vice versa, would flow through the coil b, which 
we have shown thicker than the others. But this coil is for 
the moment " short-circuited " by the brush : for a current 
could pass between c c and d d through r and s and the point of 
the brush, which would be a path offering much less resistance 
than the passage through the coil in question. This latter coil 
may consequently seem to be idle. So far from this being the 
case, however, it is the behaviour of this coil that is chiefly 
concerned in the question of sparking at commutators. For 
it has but just belonged to the series dd and is about to join 
the series c c, wherein the current is running in the contrary 
direction. Hence, it is just in or about this position in relation 

M 
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to the brush thtil a reversal of current takes place within the 
ooil Ij, Thus the plaue whereiu this coil lies at that instant is 
termed the " plane of commutation," or plane of change. 

Xow, iu Chapters XIV. and XV., when discussing the subject 
of self-induction, we pointed out that that was purely a inagMtic 
efieot ; and that the changes of magnetiam were the causes of 
the electrical effects. Thus it is here : for this coil has a 




polarity of its own, which is enhanced by the iron of t 
armature core within it. Hence, it is in reversing this polarity 
that energy is lost. This reversal of polarity may not at firat 
seem obvious, inasmuch as the polarity of the iron within the 
coil is not actually reversed at all at that moment. But the 
polarization of the iron of the core is the sum total effect ot all 
the polarizing influences brought to bear on it. The coil in 
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qaestioD exeroiBes its sh&re in these infloencec, and it ia thus 
this share that haa to be reversed. 

It may be noted further that the coil b, though short- 
oirouited by the brush, is still in series with the ec and dd 
ootls. Or should there be any tendenoy for an independent 
current to circulate within b, it is free to do so ; and, the 




FiQ.' 110. — DiBgram illustratiaglElemenUiy Tbeor; of a Sparfc at the 
Brash. 



resistance of the one coil, or section of winding, being com- 
paratively small, a small electromotive force may thus create 
within b a large " short-circuit " current. 

We may now, however, transfer our attention to Fig. 110. 
It will be observed here that the segment r is shown juat 
leaving the point of the brush — just the time, in fact, for a 
Bpark to occur between r and B if the conditions admit. Now, 
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the coi) b has hitherto had the ihl current dir«ctian and 
polaritj- within it, as indicated by the arrowhead. But the cc 
current, immediately od r receding from the brush, has to flow 
through b in order to reach B, It is evident, however, that il 
the coil offers any sort of resistance to the passage of the ea 
cunent, with an opposing current or otherwise, and Buppoaing 
for the moment that this resiiitaace be absolute, so that no ce 
current can traverse h at all, then the break of contact between 
the segment r and the brush will be precisely similar to the 
opening of the gap ff in Fig. 101. For the coil b offering no 
path, the current ie broken. Hence, a spark due to the self- 
induction of the ce coils, will flash across from the segment 
r to the brush, as indicated by the small curved arrow a. But 
the parting of this segment r and the brush is furthermore 
to be likened to the opening of a switoh ; for the conditions 
assumed are precisely similar. 

In discussing this latter, we showed that the flash then seen 
was a compound effect, being composed of a self-induction 
disruptive spark, as just alluded to, immediately followed by a 
momentary arc, assuming a current of not less than five or ten . 
amperes, and an E.M.F. not exceeding some few hundred volt§, 
which are ordinary conditions. We mentioned, also, the ei- 
ceediugly small space of time occupied by the precursory spark. 
Now, however rapid in practice the peripheral velocity of the 
commutator may be, the flash at the brush will be such that 
by far the larger proportion of the time occupied by it will be 
taken up by the arc. Further, when discussing the arc, we 
showed that the electrodes were consumed by it, the positive 
at twice the rate of the negative, Hence we now perceive 
that in tiie flash between the segment r and the brush, the 
arcing will preponderate. Both will be burnt; but the segment 
here, being positive, will be burnt the moat. 

If, however, the resistanue of the coil b (that is, any impeding 
caiue or causes, whether due to the simple resistance of the 
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eoil itself, or that, with adverse inductive influences added) is 
only partial, the compound flash will be reduced in strength. 
Some of the current passing through the coil 6, there will not 
be so much to break at the brush point, and the flash will be 
what we may term a "shunt" flash. This is illustrated in 
Fig. 101 (page 140) : for if on the gap g being opened, some 
of the current could still pass by way of a small lead, c c, shown 




Fig. 111. — Non-SparkiDg Position. Short- Circuited Coil 6 in Plane of 

Requisite Reversal. 

dotted, it is evident that the reduction of the magnetic induction 
In the core of the coil would not be so great as though there were 
no such other path. Hence the self-induction E.M.F. at the 
"positive end of the gap will be diminished, and consequently 
the violence and length of the initial disruptive spark and the 
magnitude of the subsequent momentary arc. This '* shunt " 



u. .v. 



SPABKIN'G AT 



N 



effect, however, as we shall find later, would only occur oloae t4 ' 

the uon-Gparkiog position on the cooimutator. 

We may uow turn our attention to Fig. Ill, ahowing the 
couditioua neceasary for aparklesanesa. Aa may be perceived, 
this representa the top of a commutator, three of whose seg- 
ments are lettered respectively r, s, and ( ; the armature coils 
are represented between c and <!, two of them being lettered 
b s.adf; and three of the lugs are lettered g, h, and i. The 
" neutral plane " of the commutator is assumed coincident with 
the " plane of requisite reversal " of the armature, and these are 
jointly indicated by the line R E. The brush is shown thicker 
than that in the last diagram, and here covers more than one 
segment. Two of the coils, h and /, are short-circuited by the 
brush, and bo are shown heavier ; and the short-circuits through 
the brush point are indicated by the thick dotted lines mno. 
The large arrowheads show the main current arriving from the 
two halves of the armature winding, c and d, and the small 
arrowheads represent the short-circuit currents. It will ba 
noted that the b and / coils have just left the series d, and are 
passing into the series c. Having passed the C F plane, the d 
current that was circulating within them has first been stopped 
as they each arrived into the plane of commutation, and then 
a reverse short-circuit current has been set up within them by 
the e electromotive force. At the moment shown, this short- ) 
circuit, or as for brevity we may term it, the a.-c, current, u 
coil h, esactly equals the c current. Meeting each other in the 
lug jr, these two currents neutralise each other : hence there 
is no current flowing either way between the brush and the re- 
ceding segment r. There thus being no current to break at 
the recession, there is no sparking ; and the coil 6 is Just pre- 
cisely in the "plane of requisite reversal" represented by ths 
line R R. The positive bruah being here shown, for a repre> 
sentatiou of the non-sparking conditions at the negative brush, 






it is simply necessary to ri 



e all the arrowheads. 
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SPARKING AT COMMUTATORS.— THE SHORT-CIRCUITS 

AND CURRENTS. 

It is now our piirpose more narrowly to investigate the subject 
of the short-circuits under the brushes ; for without this, no 
thorough understanding of the theory of the sparking at com- 
mutators is to be attained. 

On reference once more to Fig. Ill in our last chapter, it 
will be observed that in consequence of the thickness of the 
brush, two coils were short-circuited, as was mentioned. The 
question, however, arises, as to how these two coils will affect 
each other in respect of the reverse, or short-circuit, current 
that will be generated within them. In this connection we 
may direct our attention to Figs. 112 and 113. We here find 
in each diagram two circuits P P and Q Q, having a common 
conductor x y. But in the former the two currents issuing 
from generators w and v augment each other in x y^ while in 
the latter they oppose each other. It is thus this latter case 
which we may now consider. For if the two currents are equal, 
there will be no current in a; ^ ; while if they are unequal, x y 
will carry the difference. This, in fact, illustrates the essence of 
what is termed the " three-wire system," x y representing the 
" neutral " main. It will be noted further that the P current 
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leaving w, and the Q current leaving v, checking each other in 
xy, tbey each continue in the other's circuit. More accuratelj, 
it may now be said that there is only one circuit with the two 
generators in series ; and, in fact, the two currents may 
said to be aseimilattd. None the less, if the Q current 
Gay, 250 amperes, and the 1' current, say, 200, the Q cunent 
will split at X, 50 passing down to j/, and 200 only continuing 
by te. Uniting at y, 250 will enter the negative at v. Thus, 




Ko. 112. — Diagram showing Two CirouitH with a Conductor common t 
bot^, iu which the currenta are united — illustrative of atigtntntation, 

though assimilated, the two ourrenta, taken separately, retain 
their original values. This does not apply iu the case o! 
Fig. 112- For provided ary is large enough to carry both cur- 
rents, they will wholly take that path, and there will b« 
■nothing approaching the nature of assimilation. It may ba 
noted that iu Fig. 113 the generators iu series cannot each 
angment the current of the other in the outer circuit w j 
because their inherent resistances are also in series. 
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Now in Fig. Ill there were two short-circuits bhnmg and 
fionh, ot which the coils 6 and / formed respectively a gene- 
rator in each. Inspection will make it clear that these two 
circuits are similar to those in Fig. 113, and that An is a con- 
ductor common to them both, in which their two currents are 
opposed. We hence perceive that the two short-circuit currents 
are asnnUlated with each other, and that hn will merely carry 
their difference ; and in so far as the coils b and / may be 
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Fia. 113, — Diagram showlDg Two Circuits with a Conductor common to 
both, in which the currents are opposed — illustrative of assimilation. 



regarded as in series with each other in the circuit hfionmg^ 
their internal resistances will of course be in series also. 
Hence, whatever current each may generate, these do not 
reinforce each other, and each current retains its own value 
within its own circuit. 

We maj now direct our attention to Fig. 114. This may 
be recognised as a combined diagrammatic representation of 
Figs. Ill, 112 and 113. The segments r, s and ^, the lugs ^, A 
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and 1, and the coils b and f, together with the brush showii 
dotted, majr be obseired. On either side the two series of 
ooils V and if represent the two halves of the armatiirc wiudiag. 
It will be noted that there are here four distinct circuits, PP, 
Q Q, VF; and Q'Q', each with a generator, w, 6, v and / 
respectively. These do not include the outer circuit, which ia 
comprised within the line shown partly dotted between n and y. 
The arrowheads indicate currents, that is, the currents the 
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illuatrating Tlieury nf Short CircuitK in a Commutatta'- 

four electromotive forces tend to maintain ; for aa we shall see, 
the actwil currents will depend on conditions that maj be 
aasumed. Of these currents, the P P and P'P' being the main 
armature currents, may be regarded as invariable both as to 
direction and q\iantity ; while the Q Q and Q'Q' currents, 
contrariwise, wiU be variable, according as to whether the 
brush may have too much positive or negative lead. The 
negative brush is at ^, whence the current from the outer. , 
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circuit divides right and left through the two halves of the 
armature winding, as indicated. 

Now a development of Ohm's law, namely, E.M.F. = cur- 
rent X resistance, is that a current at a given potential having 
two or more paths open to it, will split itself among these in 
inverse proportion to their several resistances. Thus the path 
ofifering the least resistance will carry the most current, and 
vice versd. It will now be noted on reference to the diagram, 
that in the course of their circulation the P main current needs 
to get from g to ^, and similarly, the P' main current from i 
to y. The combination of the effect of Ohm's law on the one 
hand, and the interposed effect of the short-circuit currents on 
the other hand, thus forms a subject which we may - now 
consider. 

The P current arriving at g has three paths before it by 
which to reach y, namely, gmn, ghhn and ghfion, Similiarly, 
the P' current has three paths before it, starting from i. It will 
be obvious, however, that the resistance of the lugs g and z, will 
be considerably less than that of the coils h and /• Hence, 
according to Ohm's law as above enunciated, by far the larger 
proportion of the P current will travel hy gmn; a very small 
amount may go through hhn, while the flow of P through / 
will be quite fractional. For the same reason most of the P' 
current will flow through ion, and small quantities only 
through / and &. But this, it will be understood, is only the 
normal flow of the P and P' currents, disregarding the effect 
of the Q and Q' short-circuit currents. At these latter we may 
now glance. 

The short-circuit currents being variable, may he assumed to 
flow in either direction through b and/, and to be equal to, 
greater, or less, than the P and P' currents. A direction parallel 
with P is thus assumed in the diagram, as indicated by the 
arrowheads. It will now be observed, that the Q and Q' cir- 
cuits having a common or ** neutral" conductor hn,hkejcy in 
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Fig. 118, if tlie two currents are equal, h n will carry d 
current, or if they are unequal, it will carry the differenoe. 
In actual practice the latter would be the case, aud in thii 
iustance, where an amount of forward lead is assumed, h would 
generate a higher E.M.F. than /, aud so, the resistance heicg 
similar, would impel a larger current. Thus the lug h will 
simply carry a small inflow of Q current, equal to the difference 
between Q and Q' ; and these two currents will be what t 
have termed "assimilated," each flowing in the other's circuity 
but retaining its original value in its own circuit. Further, 
it is to be observed tbat there will be a normal outflow of Q 
current in the lug g, and a normal injtoui of Q' current in tb» 
lugi. 

We may now return to the main V and P' currents. It will ■ 
simplify matters if, ignoring the small quantities of these ems 
rents that normally run in b and /, we assume that they 
wholly through the lugs ij and i respectively. Hence whereas 
h n was a neutral between Q and Q', it is now to be observrf' 
tbat gmn h similarly a common path for the P and Q currents, ■ 
wherein they oppose eacb other. Thus we here perceive finally 
that the ucfmil current in gmn will be the difference, if anjt' 
between P and Q, whichever may predominate. If they are' 
equal, and the segment r just leaving the brush as depicted,- 
this will be the condition for no sparking as already touched on,' 
as there will be no current to be broken at the r 
recession. But the result now is that as the P current bauUS' 
the Q current in c/ m, it becomes assimilated with it, precisely 
as Q and Q' are assimilated, l.'he P, Q, and Q' currents become- 
in fact all three assimilated, though each retains its originj 
value in its own circuit apa rt. Thus the great point to h 
noted here, is that the P curvent arriving at p, does not augmeni. 
the Q current in 5, as at iirfit might be supposed. For baulking 
the latter in y m m it baulfis its entire flow throughout il 
cuit (Q Q Q), and assimihition takes place instead, as explained 
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Now, however, to consider the F current at », we find ion 
also forms a path common to the Q' and P' circuits. But here 
the two currents do not oppose each other, as did P and Q in 
gmn. Consequentlj they in this case augment each other, and 
both £ow together in one large current through ion, always 
provided that the lug i is of sufficient section to carry the 
increase of current without becoming . heated, and thereby 
ofifering an increased resistance. 

It will be advantageous, however, if we assume cases. Thus 
suppose P and Q be equal, each being 200 amperes. P' would 
be 200 also, making 400 amperes for the outer circuit com- 
prised in n y, Q' may be, say, 80 amperes. There will thus 
be no current whatever in ^ m n, and only the difference between 
Q and Q' = 200 - 80 = 120 amperes flowing inwards in the lug h. 
The 200 P will be assimilated with the Q and Q' currents ; and 
the Q' current of 80 is flowing down lug t. Thus the P 
current of 200 amperes, assimilated within the Q and Q' 
circuits, may be said to divide at A, 120 going down h n, and 
the remaining 80 travelling by f i o n. But the P' 200 
amperes are running unimpeded in i o n. Thus, in this latter 
path, there will be a total current of 200 P' + 80 assimilated 
P, Q and Q' = 280 amperes. Being joined at n by the 120 
amperes down h n, this thus makes a total of 400 in 7^ y ; while 
there is no flow in n m ^. 

From the above, it may hence be perceived, that in the non- 
sparking position, the effect of the short-circuits is to divert 
the flow of the current from the point of the brush towards 
the heel. It should be noted, however, that this is the effect 
of the electromotive forces of the short-circuited coils. As 
prime causes these remain unaltered, while their effects, as 
in the case of the current in ^ win, may be entirely eliminated. 

If, however, while P and P' remain each 200, we assume 
Q to be 100, and Q' say 10, we shall find P - Q = 200 - 100 = 
100 amperes of the P current flowing through gmn. In lug h 
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<J - Q' = SO will inflow ; while the total flow down the lug i 
will merely be 10 asaimilated P, Q.and Q' + 200 P' = 210 amperes. 
At n there will thus unite, 100 from jw, 90 down hti, and the 
310 down io, making 400 again in ny. But this cutrent of 
100 in m n would be broken at the recession of segment r from 
the bnish ; and there would occur, in fact, what we have termed 
"ahunt" sparking (p. 166), aa only part of the P current is 
broken, the remainder being assimilated with Q, The sparking 
will result from the self-iuduction of the half of the armature 
winding represented by iv, as described in connection with 
Fig. 101 and the dotted line cc therein. This condition for 
shunt si>arking is brought about, it will be observed, by ths 
near approach of the brush point to the N P plane, so that 
the Q current in h is running in the same direction that P 
would take through h ; but the brush is not far enough for- 
ward for Q to equal P, as would be the case were h in the 
It R plane. It will thus be seen that this shunt effect occnre 
just behind the neutral plane, and there only. 



CHAPTER XIX. 



SPARKING AT COMMUTATORS.— THE SHORT-CIRCUITS 

AND POTENTIALS. 

In oxir last chapter we dealt almost solely with the currents of 
the short-circuits. It is now, however, the potentials that we 
propose to discuss. For a point to be noted in connection with 
the four adjoining circuits represented in Fig. 114, is that 
whereas to suit the external resistance comprised in n$^ the 
KM.F. of the P and P' main currents needs to be high, say 
500 volts ; in the case of the Q and Q' circuits, on the other 
hand, wherein the resistance is extremely small, the E.M.F. 
will be very low to produce the same current. Thus the latter 
E.M.F. may be only a fraction of one volt. This minute 
voltage may thus appear of no account in contention with that 
bf the main currents : while, on the other hand, the question 
might be as to whether, as a matter of fact, this small electro- 
motive force of the short-circuits would in any way affect that 
of the mam current. 

In Fig. 115 herewith are two circuits, PPP and Q Q Q, 
having a common conductor x^, in which the currents oppose 
each other, as in previous diagrams. The letters w and v 
iadicate the respective generators. It is to be noted, however, 
that the P circuit is represented as having a resistance of 
5 ohms, while the Q circuit has a resistance of only *05 ohm. 
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Thus to get the same current in eaoh circuit, here Bhovm 
300 amperes, we find needed a potential difference between the 
terminaltj of 200 x o = 1,000 Tolta in the P circuit, but onlj 
200 X -05 = 10 volts in the Q circuit. 

Further obaervationa, however, require now to be made. 
FIrat, we note that the generators to and r being In series with 
each other by way of a 6, without resistance (neglecting tiia 
resistance of the conductors), their electromotive forces will 
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aoDumulate. Thus the negative terminal of v becomes nusel 
to 1,000 volts, the same as the positive of w ; and the podtiw 
of V, having the extra 10 added, becomes raised to 1,010 voltfc 
Secondly, we note that x y being asBumed without tesistanot^ 
this conductor is at 1,000 volts throughout and at both ends. 

It will now be observed that as there ii 
10 volts between the n positive and y, this 10 volts will 
a current of 200 amperes through the -05 ohm resistance. 
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This current would now naturally, by Ohm's law, flow through 
y X, as offering the easiest path to its negative at v once more. 
The P current arriving at a?, however, would also, by the 
same law, flow in the opposite direction entirely through x y, 
inasmuch as this would be a path of no resistance as compared 
with the resistance in the Q circuit. Hence, assimilation of 
the currents will take place : and no current will flow in x y, 
as indicated in the diagram by the opposing P and Q arrows, 
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116. —Two Circuits of Different Potential with Current"^ assiniilat^cL 
with no exterior lesser resistance. 



and the numbers struck out by lines drawn through. It will 
hence be noted, that as here arranged, the voltage of the P 
circuit is not afl*ected by that of the Q circuit. 

If, however, the terminals of the generators be reversed so 
that the current runs in the opposite direction, there will at 
once be an alteration in various respects. The " neutral " will 
drop to only 10 volts, the same as v ; and the only high poten- 
tial portion of the circuits would be between w and the 5 ohm 
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ruftisCanoe, where there would be a pressure of 1,010 volts. But 
ill the diagram, the conductor x y lies between the w positive 
niid the Aohtii resisCanco ; and all parts Ijing between the tv 
IMwitive and this high resiataDoe, iucluding <;onuected parts 
auch as the whole of the Q circuit, will become charged with 
the high voltage. 

We may now, however, turn to Fig. 116. The difference 
between this and the last diagram will be observed to be thafi 
the 005 ohm resistance of the Q circuit is here represented at 
being the internal resiatauee of the generator v itself. 
Fig. 1 1-7 we neglected the internal resistaoces of the generatoia. 
If, however, we assume an internal resistance for u 
before us, of, aay, 02 ohm, this, in order to admit of a current 
of 200 amperes, will need a pressure of 02x200 = 40 volts. 
Thus the total E.U.F. of w will be i 040 volta ; but the odd 4 
being spent internally there will be only the 1,000 for externil 

A further peculiarity of the external voltage, however, fj 
that it will depend for its existence on the reaiatanoe of tbj 
outer circuit. If the outer resistance be diminished while the 
internal resistance is unaltered, the total reaiatance of the 
circuit is lessened. Consequently, a larger current n 
and a greater proportion of the total E.M.F. (aasomiug this 
to be unaltered) will be spent in forcing the increased current 
through the internal resistance ; and a smaller potential differ- 
ence will appear between the terminals eitenially. 
the 5 ohms of the P circuit be reduced to 1 ohm, while tho^ 
internal reaiatance of w, as previously assumed, is 0'2 ohn 
total resistance of the P circuit will become 1-3 ohms. With| 
the total E.M.F. of 1,040 volts, we find the 



* Tbin and succeeding puiuLa loa; be faund dealt u 
and geiiinBtrically in Prof. SUvduUB P. Thompson'! 
Machinery ," pp. 226 t.. 330, fourlli eilitirm. 
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1,0404-1*2 » 866*7 amperes. But the KM«F. will be re-distri- 
buted ; and we find that the amount used internally will be 
866'7 X 0*2 = 173*3 volts as compared with the previous 40 
ooly ; while externally the potential difference will be 866*7 x 1 
= 866-7 volts instead of 1,000; atidthe total E.M.F. is summed 
up thus, 866*7 + 173*3 = 1,040 volts as before. 

It will thus now be obvious, that if the resistance is wholly 
internal, and there is no external resistance, there will likewise 
be no external voltage ; and the E.M.F. will be spent entirely 
in overcoming the internal resistance. This is the case assumed 
with the Q circuit in Fig. 116. The resistance here being 
wholly internal, there is no potential difference externally 
between the terminals. 

« Similarly, however, to the conditions depicted in the previous 
diagram, thie two generators are in series ; and x y and the Q 
circuit lie between the w positive and the 5 ohm resistance. 
Consequently these parts are all charged at the 1,000 volts, 
included both the terminals at i^, now without potential differ- 
ence between them; and the E.M.F. of the P circuit is un- 
affected by the E.M.F. of the other circuit. If the E.M.F. of 
the V generator should rise or fall, this would merely cause the 
Q current to fluctuate ; and there would still be no potential 
difference between the v terminals externally. 

We may thus return once more to the diagram Fig. 114. 

The case of the four circuits there is analogous to the case 

of the circuits in Fig. 116. For the Q and Q' generators have 

likewise only their own internal resistances and self-induction 

to overcome, so far as the short-circuits are concerned, and 

assuming the resistance of the remainder of the short-circuits 

to be so small as to be negligible ; while the P and P' 

generators (w and v) have the resistance of the outer circuit in 

n y to contend with. We may assume similarly that v and w 

each generates a total E.M.F* of 1,040 volts, of which 40 are 

spent in forcing the current of say 200 amperes through its 

n2 
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own resistance, leavuig 1,000 volts to rise at g and i, for which 
the negative will be at y. It will then be seen that the Q and 
Q' circuits, lying between g aad t, and the point n where the 
external resistance commences, are at 1,000 volts throughout ; 
and that however much the E.M.F. of the coils b and /may 
vary, there will yet, in respect of the short-circuits, be no 
potential difference between the points g, k and t, assuming 
the paths h n, and i onm g, to be, without resistance. 

The actual potential difference between the points g, h and i 
is entirely dependent on the relations between the E.M.F. of the 
armature winding, as represented jointly by all the coils, w, b,f 
and V, and the exterior'resulance in a g. In the diagram, the 
brush is assumed forward: therefore, the point of highest potential 
wiiL be behind the brush, where the sum total voltage of w, It 
andyi and perhaps some more coils toward I; wiU have accti' 
mvlaUd, Consequently, the point i will have a higher poten- 
tial thao /i, and h than g. But this accumulation of voltage 
is entirely due to the exterior resistance. For we know that if 
the latter be eliminated from the outer circuit, supposing it 
posaible, an enormous current would flow, and there would i» 
no potential difference between the positive and negative 
brushes, showing that the E.M.F. of the successive coils of 
the armature had ceased to accumulate. Hence in the diagram 
there would then be no accumulation of the voltage of ir, fr 
and /, and so the points g, k and i would all have the same' 
potential. Yet the coils would be Uill generating E.M.F. 
(assuming other conditions unaltered) ; but this would be 
used now internally only, in impelling the current against 
their own interior resistances. It is thus that the ahort- 
olroiiil currents will coutinue to circulate, independently of 
what changes may be wrought on the potential at g. It and i 
by exterior inQueuces,; aud of themselves alone, these Q and' 
Q' generators would cause no potential difference between 
these three points, except such as might be due to tha- 
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extremely slight resistance of the short-circuit paths, h n 
and ionmg. 

It ;aiu6t be noted, finally, that the energy required to 
commutate, and to requisitely reverse the current in the 
short-circuited coils, is a deduction from the efficiency of the 
machine. This is evidenced by the fact that the non-sparking 
points are not in the M' M' plane, but ahead of it. The pro- 
duct of the potential difference between the M'M' and NP 
planes, and the short-circuit current, will indicate the power 
lost in bringing the current in the short-circuited coils to a 
state of requisite reversal. 
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CHAPTER XX. 



SPARKING AT COMMUTATORS.— EFFECTS OF 
MISPLACEMENT OF BRUSHES. 

We may now consider cases where sparking takes place. 
The most simple will be those when the brushes are shifted 
too far forward or backward : or, again, which amounts to the 
same thing, if the brushes are at their right places, a cause of 
sparking may be the oscillation of the neutral plane. For 
the present, however, we may confine our remarks to the 
simple displacement of the brushes. 

Fig. 117 herewith shows an armature revolving in a field, 
and a commutator, together Mrith brushes. These latter are 
shown in positions A and B too far back, and at C and D too 
far forward. We now propose to deal with these four positions 
in detail, and to consider the nature of the sparking that occurs 
in each. Figs. 118 to 121 are thus four diagrams showing 
each brush separately. For the better elucidation of the 
subject, a total current output for the machine of 400 amperes 
is assumed, as indicated in the diagrams. It is necessary, how- 
ever, to note that in these diagrams the conditions represented 
are those that are broken by, and so are not the results of, 
the recession of the segments r from the brushes. Short-circuit 
(or S.-C.) currents of 500 and 450 amperes are assumed in the 
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ooils b and/, according aa the one or the other is ia the bett^ 
positioa for generating E.M.F. The main armature current» 
e and d, of 200 amperes each, are indicated by the large 
arrowheads, and the a.-c. currentB by the small arrowheads, as 
before. The double iirrowbeadB represent resjdtanf currents, 
vhether by difference or addition ; and it will be noted that 
the two amounts which together produce a resultant, are atruol 
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out by a line drawn through, in a manner similar to that | 
adopted in Fig. 116. 

It will now be seen, on reference to Figs, 117 and 118, that I 
the bruBh A being on the d aide of the commutator, up tO I 
the moment of the recession of segment r, there has been I 
nothing whatever to reverae the electromotive force of tha | 
coils b and/. Hence their s.-c. currents will circulate in tha, | 
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aame direction as the d current. As indicated by the large 
arrowheads, the latter still flows in these coils ; though this is 
to anticipate. The two s.-c. currents, as explained in connec- 
tion with Figs. 113 and 114, will become assimilated with each 
other, their difference only, 50 amperes, entering by lug h : there 
will be a normal outflow of 500 s.-c. amperes through lug t, 




Fig, 118. — PositiTe Brush too far back. Heavy Forward Sparking. 

(Position A in Fig. 117.) 



and a normal inflow of 450 s.-c. amperes by lug g ; and it will 
be noted that in this case the s.-c. currents are traversing the 
coils b and/ in the opposite direction to that shown in Fig. 114. 
We may now consider the d and c main currents, and may 
take the former first. This would naturally attempt an inflow 
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through lug t. It IB, however, met there by the nonnai j 
a.-C. 500 outflow. The resultant 300 outflow ia thus what 
rem&inB. But the whok f s.-c. 500 ia reduced hy thb s 
act. The 200 <!, block&l back in i, takes the place of tha 
misBiDg 300 ia /, or, in other words, becomes aesiviilated in 
that coil ; and the h and /' b.-c. currente being already assinu- 
lated, it becomes assimilated with both these currents, like tha 
P and Q and Q' currents in Fig. IH. 

Reverting to the c main curreat, we find this inflows through 
lug J in the same direction as the '< current. These thus aiig-' 
meal each other, forming a united or resultant current of 6 
amperes. To analyse this amount accurately, we observe that it 
is composed of 200 c, plus the d assimilated with the 450 s 
current. At the point re this amount ia further augmented by 
the inflowing 50 down A, thus making a total of 700 from n to o. 
Of this total, 400 go up the brush, being the Bum of the c 
d currents, while the remaining 300 form the 300 s.-c. current 
in lug 1. We thus 6nd the cycle completed. 

Now, from the above we note that the actual current that il 
broken is Tnore than the main output, being 6-50 amperes instead 
of only the normal 400. Furthermore, we observe that the 
spark which will occur at the recession will be due to the self- 
induction of both the e and d series of coils plw the additional 
effect produced by the short circuits — that is, to the self-induo 
tion of the whole of the armature- winding. Hence the spark- 
ing will be heavy, and will be in the same direction as 
main current, as indicated by the thick arrows zz. A larga 
current, moreover, being broken, there will be considerabls 
burning with the arcs, especially of the segment r, which li 
here the positive electrode. 

Fig. 119 may now engage our attention. This represents ia 
detail the brush in position C (Fig. 117), where it is shifted too 
far forward of the K P plane, which latter is indicated in both 
diagrams. It will first be noted that the coil h here carries tha 



MISPLACEMENT OF BBUSHE8. 



lar 



500 8.-C. current inatead of /, as in the last case. A resultant 
50 amperes of the b s.-c. enters by lug h ; and it will be per- 
.ceived that the s.-c. currents here are traversing the b and / 
coils in the same direction as in Fig. 114. There is thus a 
normal 450 assimilated s.-c. current entering through t, and a 




Fig. 119. — Positive Brush too far forward. Light Back Sparking. (Position 

C in Fig. 117.) 

normal 500 s.-c. current flowing out through lug g, The^e? 
main current, arriving at g, is blocked by the outflowing 
6 S.-C. 500, and becomes assimilated with the latter in the 
coils b and / instead, in the same manner as the d current^in 
the previous case. We thus find the 450 entering by lug i 
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to be composed of the c, aud the b.-c. currents aasimilated. To 
this ]atter is now added the 200 d main curreut, making a. 
total reaultaut current of 650 amperes entering by this lug. 
Arriving at o, however, 400 amperes split off to sBcend the 
brush, thus leaving only 250 to continue to n. At this latter 
point, this curreut is joined by the 50 b s.-c., making the 300 
' cut-flowing through </. Thus again is the cycle completed. 
Now here there are various points to be noted. First, it is 
not tlie main d and c currents that are broken, for these have 
both a free entry into the brush through its lied instead of 
the point ; and the heel continually makes contact with the 
segments, one after the other, instead of breaking contact, as 
compared with the case of the brush at A. It is thus the 
coils behind the brush that are reversed, and not those jiiat 
leaving the point. The effect will then be that the momentary 
check due to the self-induction of the coil /will cause the 
reduction of the 650 in lug i to 50, as it arrives at position k, 
to be gratltial instead of sudden. We shall return to this, 
however, in connection with the line CnP. The point to which 
we would now draw attention is thus, secondly, that it is only 
a ihort-cvrcwit eurrenl of 300 amperes that is broken at the 
recession; and further, that this is running in the opposite 
direction to the main current Sowiug up through the brush. 
We have here, hence, what has been termed " back-sparking," 
as indicated by the arrows ea in Figs. 117 and 119. Being due, 
moreover, to the self-induction of the coils b and / only, the 
sparking is slight ; while the current broken being but 300 
instead of 400, or 650 as in the last case, the arcing is not bo 
heavy. The brush, however, being positive, will incur most of 
the burning. 

We now come to Fig. 120. This represents the lower brush 
in position B. As it would have been confusing to invert the 
diagram to make it accord with the actual position of the brush 
on the commutator, we do not do so, and merely indicate the 
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maincurrentenferin^bjthebrunh instead of leaving. It will be 
seen hare that the bruali is too far baok, like brush A ; while of 
the two shorb-cirouited ooils, / carries the 500 amperes, being 
nearer the plane yy. The first point that maybe noted i» 
that the difference between the h and / s.-o. ourrenta, that ia. 




— N^atiye Bruih too far back. Heavy Forward Sparkinj, 
(Poiition B in Fig. 117.) 



the resultant 50, instead of flowing inwards in the lug h, is 
here flowing outwards. A normal 450 s.-c. current outflows 
through lug g ; and a normal 500 s.-c. current enters by t. 
But DOW the main current from the outer circuit arrives by 
the brush at o. Its natural course being to split and send 
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200 amperes to the c coils, and 200 to the d coila, the fint- 
named 200 endeavour to flow out by the Iur i. Here, however, 
thiH amount is haulked by the normal 500 / a. -c. current. The 
latter hence becomes reduced to a resultant 300 In i 
indicated. Coaaei|uently, the first 200 become assimilated 
with the 500/amperes in un; and being joined by the other 
200 entering by the brush, a total of 700 proceeds to n. Here 
the 50 pass up h k. The remaining 650 run on to (/, a 
outer end of which 200 diverge into the d series of coils, while 
the 450 run through b. This latter current, joined by the 
resultant 50 up A, makes 500 amperes in the coil /. At the 
outer end of i, 200 separate tuto coils c, leaving the 300 to 
continue down lug i, as we found at the commencement. 

What we may here note is that the current broken at the 
recession is the whole outer tnain current, plus 250 amperes of 
the short circuit current. There is the whole self-induction of 
the outer circuit, together with the added effects of the short 
circuits, thus brought into play. As the outer circuit may 
include the field magnet coils, the sparking may here be very 
heavy; and with the large current, considerable burning will 
take place, principally, as it will be seen, at the expense of the ■ 
bnish. 

Fig. 131 indicates the last of these four positions. The 
coil b here carries the 500 s.-c. current, and a resultant s. 
flows out through the lug k, as in the previous case. A normal 
500 s.-c. current inflows through g, and a normal a.-c. 450 out- 
flows through lug i. The 400 amperes now arrive at o by the 
brush. Of these, 200 would pass to the d series by lug ff, but 
are met by the inflowing 500 h s.-c. current, and reduce that to 
300 instead. They become assimilated with the s.-c. cu 
and 80 form part of the 450 s.-c. current outllowing through 
lug 1. The remaining 200 of the outer current augment thiB/ 
450, thus making a total of 650 finding exit by lug i 
the outer end of this lug, 200 split off to enter the e aeries pf| 
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coils, while the 450 continue throu(;h /. This Utter amount 
is joined by the 50 a.-c. current from h, making 300 amperes in 
coil b. Of these, 200 diverge into the d aeriaa, leaving the 300 
to continue down lug g. Arriving at n, the 50 paaa up n h, 
leaving only 250 to proceed to o. So the cycle of operations is 
once more completed. 




It will be remarked that we have back-sparking here, aa in 
the case of the brush in position C ; for it passes in the contrary 
direction to the main current. Moreover, as in the latter case, 
there are only 300 amperes broken, and these of short-circuit 
current. The sparking therefore will be merely that due to 
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the self-induction of the short-circuited coila b and /. It will 
hence be slight ; and with the email current the arcing will not 
be great, though the aegment will suffer the most. As with 
the brush C, the main current passes through the heel of the 
brush, and not the point, and so escapes being broken. 

We may now notice some general results and conclusions. 

Thus we observe that, as shown in connection with the diagram. 

Fig. 114, all these effects are produced by the assimilation ef 

*ith the short-circuit current. Yet it is only 

\e-half of the main current that is so assimilated, and hence 
diverted ; and, inasmuch as by Ohm's law one half of the mua 
current would Sow through the point of the brush and the 
other halt through the heel, it is simply a question finally as h> 
which half of the main current shall be thus caused to diverge 
At the non-sparking point this divergence by assimilation is 
just precisely achieved, and all Sow of current in either 
direction withdrawn from the brush point. But there i. 
much of the diverting a.-c. current when the brushes are b 
far forward, so that its surplus is broken and causes sparki 
Whereas, when the brushes are too far back, not only is 
divergence of main current in the wrong direction — that t 
from heel to point — but there may be (and is, in the ■ 
have assumed) a surplus of the diverting s.-c. current also)] 
hence, the grand total, composed of the whole of the i 
current and the surplus of s.-o. current, is broken, with violently 
sparking due to the self-induction of the main circuit as It 
result. 

Another point that may engage our attention, concara 
the position of the plane of commutation in relation to t 
variously misplaced brushes. On an earlier page we Btats 
that this followed the brushes, hut with some di 
dasHcUi/. It will be observed that this plane, lettered CnFf 
in the diagrams, ia shown in Fig. 117 (lettered Cn only) with J 
each pair of brushes. At brushes A and B it runs throuj 
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the points, while at C and D it passes through just within 
the heels of the brushes. 

If we thus examine Figs. 118 and 120, showing brushes A and 
Bf we shall observe that on the recession of segment r, and the 
breaking of the assumed [current of 650 amperes, a sitdden 
reversal is forced to take place in the coil 5, by its being 
thrown completely among the series c in the former, and d in 
the latter. The coils 5, in fact, in both these cases are thus 
suddenly commutated at that exact instant ; and the current 
in them, subsequently, will run counter to their E.M.F., until 
the C F plane is reached, as explained in Chap. XVI. (p. 160). 
Hence the plane they are then in is the plane of commutation 
for those positions of the brushes ; and if the plane of the coil 
runs through the points of the brushes, as shown in the dia- 
grams, so also will the plane of commutation. 

To turn now, however, to Figs. 119 and 121, showing brushes 
and D, we find here that it is not the forward coils b that are 
first reversed, but the hindmost coils,/; and in the diagrams 
this reversal is assumed to have taken place, and b and / are 
both prepared to be thrown among the other series of coils they 
are approaching, excepting in so far as they are carrying a cur- 
rent which is too great. It will be noted that directly on the 
two segments t making contact with the heels of the brushes, 
the coils /will have become short-circuited. But up to that 
instant they have had within them the current direction and 
polarity of the coils behind the brushes. This has now to be 
reversed. But it has to be further remarked, that the E.M.F. 
in the coils between / and the N P plane, has already been 
reversed by the fact that, with brush C, they are on the c side 
of the C F plane, and with brush D are on the d side of C F. 
The reversal of the current is thus so far prepared for ; and it 
is merely a case of overcoming the self-induction of coil /, which 
is now accomplished by the proper E.M.F., already acquired. 
As we have already pointed out, this reversal is not here neces- 
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Bftrily sudden, for it takes place [after a malting of contact 
betu'Oen the bruah heels and segments t, and not at a break. 
Hence the exact position of the plaue of commutation will be 
that plane occupied bj the coils / wben they have an infini- 
tesimallj small amount of the reverse current from b com- 
mencing to run in them — with which, it will be borne in mind, 
the current in the series of coils forward of the brushes, la 
aasitnilated. And this position, with the plane of the Icadiug 
short-cirouited coil cutting through the points of the brushes, 
we have assumed to be just forward of the heels, as iudicaUd 
by the lines Cn P in the diagrams [of the brushes C and D 
under discussion, and lines Cu in Fig. 117. 

We have alluded to the fact^that in the cases of the bruahes 
at C and D, the currents broken at the recession of the seg- 
ments r are merely short-circuit currents. A question mi{ 
arise as to exactly in what manner the self-induction of the 
short-circuits takes e3ect, so as to produce sparking. 
Bpection, however, will show that this is due to the sudden 
reduction at the moment of receston, of the 500 amperra i" 
the coils h, to the normal 200 of the series of coils among which 
they are being thrown. For by the operation of Lena's law, 
already dwelt on, so sudden a. reduction will be resisted, in 
like manner, though not to the eame degree, as a suddM' 
reversal. Hence at the recession of r, a momentary very 
KM.F. will accumulate at the point of the brush, causingf' 
discharge of disruptive sparks into r, followed by arcs, 
case of brush C ; while the discharge will be from the segment 
)• to the brush, in the position D, Both being contrary in 
direction to the main current, there is thus formed what 
been termed back-sparking, 
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CHAPTER XXL 



SPARKING AT COMMUTATORS.— NON-SPARKING 

WITH CARBON BRUSHES. 

It will not be inappropriate if we here devote a chapter to 
the. subject of the comparative absence of sparking that 
attends the use of carbon brushes, to which reference was 
made on an earlier page. 

It may thus be assumed that with carbon brushes there 
are two causes in particular that tend to prevent sparking. 
Of these, the first is the higher resistance of the substance as 
compared with metal : while the second is the resistance of the 
contact between the brush and the segments of the commutator. 
It is the latter which we shall endeavour to show is by far the 
more important in accounting for the absence of sparking; 
though the former may also have its effects. 

. Now, when carbon is used in any shape to form part of an 
electrical circuit, it is an understood thing that great care is 
always necessary in securing a good contact between it and any 
metal connection. Thus, in the case of carbons for a cell, we 
find the upper ends carefully encased in lead, and so a large 
surface of the actual carbon put in contact with that metal, to 

which latter terminals may be attached. Or again, as with the 

brushes now under discussion, it is considered distinctly advis- 
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able to thoroughly copper-ptate the outer enda that go into 
brush holders ; aud not merely the ends, but a great pal 
the whole brush. The coocluaiou ia thus negatively deduciblOr 
and indeed generally recognised, that the contact between. 
carbon and metal, even when the contact BurfoceB are as bright 
and smooth as they can become, is yet not bo efficient for the 
passage of current, as the contact between two bright metoL 
surfaces. 

An ininaediate effect to be apprehended as a result of the 
combined non-inductive resistances of the contact between the 
carbon brush and the segments of the commutator, and of the 
carbon iteelf, will be the almost complete cessation of the short- 
circuit currents. For, as pointed out, these being impelled by 
but small electromotive forces, a small resistance only may 
reduce them to nearly or quite negligible amounts. We thai 
find that the theory of non-sparking dependent on short-circuit 
cuirreats will not apply in the case of carbon brushes. 

Now we have mentioned that, apart from the interposed 
effects of the short-circuit currents, the main current will 
simply follow Ohm's law in its flow to and from the brashes. 
We also called attention to the fact (page 171) that as an out-. 
come of this law, the current, having two or more paths in. 
which to flow, would divide itself among these in inverse pro- 
portion to their several reaiatances, But we then concluded, 
that (with the metal brushes), as two of the paths traversed 
coils having resistance, most of the current would flow througlii 
the one path of practically no resiBtance ; and the flow through 
the coils might be considered negligible. In the case under' 
discussion, however, this conclusion requires to be modified. 

Fig. 122, herewith, illustrates part of a commutator as in. 
previous diagrams, rotating in direction indicated by the curved. 
urow. The hatched portion represents the contact surface rf' 
a. carbon brush, extending equally over the segments r and 
t. One coil ouly, b, ia thus short-circuited ; aud what short 
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oircuit current may be geDer&ted lb indicated by small arrow- 
heads, as heretofore, the brush being assumed at poaitioa A in 
Fig. 117. 

Now it is obvioiu that, taking the simple resiatanceB alone 
iuto account, and with the c aud d currents opposing each 
other equally in the ooil b, the whole of the c current will pass 
through lug ff, and the <f current through lug K. But two 




I. 122. — Caiboii Biuili. Short -Circuited Coil not reveraetl. 



will here require attention. First, whereas with 
the metal brush the disparity between the resietance of the 
one path through the lug y, and the resistance of the path or 
paths through the coils b and / was considerable; with the 
carbon brush, on the other hand, inaamnoh as an additional 
resistance due to the contact ia inserted in each path, this 
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rligparity between the resistancea oE the different paths ie 
dimmiahed ; and, as further, these ioBerted reaJstances are of a 
varying nature owing to the advance of the segments, the dis- 
parity may at times even be reversed, eo that the total 
resistance of a path through a coil, may be less than that 
through the lug g. Secondly, whereas in the ease of the metal 
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¥ia. 123. — Carbon Bruah. Short-circuited Coil commutata 



brush at A, a large short-circuit current would be generated iB ■ 
6, which by assimilation would divert the entire flow of the d% 
current from k into g, and so both the c and the d current! I 
would flow through g ; with the carbon brush, owing to thol 
imallnecB of the short-circuit current, the divergence of r 
current by that means would also be extremely small. Wf J 
thus find that, whereas with the metal brushes the second] 



count, that is, the question of short-oircuit currents, waa ail 
importaut, with the carbou brush, on the other hand, it is the 
Jlnt count, touching on the varying resiBtaaces of the contaata 
between the earbou and the segments, that is of the greater 
CDnsequence. 

Turning now to Fig. 123, wherein a slight rotation of the 
commutator beyond the position shown in the last diagram ia 
assumed, we find that the brush contact ou segment r is but 
little more than half that on segment e. Hence the resistance 
of the contact area loxyi will be nearly double that of the 
-contact on s ; and the sum 'total of resistance hy g r into the 
brush, will be much greater as compared with that by b k s, 
than it was in the last diagram. Consequently, a much more 
considerable proportion of the c current will tend to flow by 
way of b k g. But the d current obeys the same laws as the c 
current: it has one path of minimum resistance by h and the 
contact on s, and another path of greater resistance by bgr. 
Taking c and d, however, jointly, and ignoring for the moment 
the resistance of b, we find that of the total flow, about two- 
thirds will pass by h s and one third by g r, in proportion to 
the contact areas respectively on the two segments. Hence a 
flow of main, that is of c, current, will pitas through 6 ; and 
unless the short-circuit E.M.F, generated singly by the coil or 
section of winding l>, operating against the resistance of both 
the contacts on r and s and the resistance of the carbon, is able 
to impel a s.-o. current of greater strength than — which would 
also be in the opposite direction to— the main c current in b, 
then the s.-c. current iu b will be eliminated ; and in fact the 
ooil b will be commutated. It has to be noted, however, that 
the resistance of b will have a damping effect on the passage of 
current through it, whichever the direction of the flow. If the 
resistance should be very great in comparison with that of the 
contacts on r and s, the flow of d current would obviously be 
confined almost entirely to the lug A, and the c current to the 



lug ff, up to the moment of reoeaHion. But further, the selfl 
induction of b will offer opposittou to a rapid commutation ol 
its original d current direction and polaritj' to those of the «■ 
ourrent. It nill, however, thua be perceived that if both the 
resistance and the self- induction of the short-circuited coil at 
section of winding b, are email as compared with the resistance 
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-J. 124.— Carbon Brusli. Uiveihiuii ..f (,'urrent from Fnrn-anl Eiige ol 
Brurjh prior to reueeaiod, owing ti> Kesistauce of Contmcted CodUI 
on Rocaiiiig Segment. 



of the contacts of the carbon brush on the segments r and v 1 
an early commutation of li may take place, soon, in fact, attflff i 
the area on s has become greater than that on r, as represented j 
in the diagram. 

The effect of the alteration to the conditions depicted i: 
Fig. 124 may now be considered. We observe that, owing t 
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the contraction of the area wxyz with the rotation of the com- 
mutator, the resistance of the path by lug g and segment r into 
the brush is greatly increased ; while, on the other hand, 
another entry into the brush has opened up by the lug i and 
segment t. The coil / is short-circuited as well as &, though 
not as yet commutated ; and the d current may enter the 
brush by the paths it or fhs. But h being commutated, and 
the resistance by ^ r becoming considerable, the c current will 
continue to flow more hjhhs and less by ^ r, up to the moment 
of recession. Hence at the recession finally of segment r from 
the brush, there will be little or no current flowing between 
them, and so little or no sparking. 

It has now to be remarked that the above line of argument 
will apply to all positions of the brush, as at A, B, C, and D, 
Pig. 117, or any position between. For a positive or negative 
lead given the brushes simply aflects the direction of the short" 
circuit currents ; and these we have shown to be of but little 
importance with carbon brushes. 

The forward edge of the brush, w y^ is found liable in practice 
it would appear, to get very hot. This is thus to be accounted 
for by the fact that, owing to the resistance offered by the self- 
induction of the coil or section of winding, &, to the contirmed 
increase of the c main current through it, the current density 
through the area wxyz is abnormally high, as compared with 
that through the rest of the contact. But further, inasmuch 
as the ratio of the area wyxz to the remainder of the brush 
contact area, diminishes, not at a constant rate, but at an 
increasing rate : so also the rise of c current through h is not 
uniform, but takes place at an increasing rate, especially 
increasing at the last instant up to the actual recession. Thus 
the self-induction of b, tending to retard the increase of c 
current through itself, acts more powerfully as the moment 
of recession approaches, or in other words, as the area, w x y z, 
becomes infinitesimal. Hence, as this area narrows to a mere 
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iine,'[the current density through it increases up to a maximum 
at the moment of recession. The edge w y gets heated ; while, 
nevertheless, the actual total amount of current passing is too 
•mall to produce sensible sparking. 



It would appear that carbou brushes have been used with a current* 
•density approaching 200 amperes per square inch. But 40 or 50 amperes 
per square inch of contact suriaee is given as a practical maximum, and 
30 amperes as a safe working density, as the result of experience. Discus- 
sion and correspondence on this subject may, however, be found in Tht 
Electricia/n, Vol. XXIX., pp. 192, 253, 266, 270, 287, 288, 437. 
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SPARKING AT COMMUTATORS.— CAUSES EXTERIOR 

TO MACHINE. 

Wb are now about to enter on another distinct branch of our 
subject. Hitherto we have dwelt principally on the direct 
causation of sparking at the commutator. But there are other 
points which, though seemingly direct causes of sparking, are 
neyertheless more correctly perhaps, to be regarded as indirect 
tiauses. To these we have already made some slight allusion ; 
and we refer to those faults or accidents in a machine or the 
circuit, which lead to the oscillation or deflection of the normally 
fixed planes. For, as we have pointed out, the oscillation, or 
partial rotation backwards and forwards round the axis of the 
shaft, of these planes, amount-s virtually to a shifting to and 
fro of the brushes in relation thereto. In the case of such 
oscillation, therefore, it is the disagreement between the 
positions occupied respectively by the brushes, and the normally 
fixed planes, that is the ultimate direct cause of the sparking 

« 

that would ensue. 

The stability of all the normally fixed planes, such as the 
planes of maximum and minimum potential, of requisite 
reversal, and of non-sparking {see Chapter XVI.) is dependent 
on the fixity of the centre line or plane of distortion lettered 
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yp in the diagrams, and coiiBequeutly oa the invariability of tbe 
angle 6 between yy and xx m the same diagramB. An ei- 
ception that may be taken in respect of the plane of requisite 
reversal, is that inasmuch as this forms an angle with the C F 
plane througli the armature, which latter plane is invariably 
perpendicular to y y, the angle B may open to the same 
extent that the angle between RR and CF may close; and 
vice venA. Hence in this latter caae, the plane of requisite 
reversal, and consequently the non-sparking plane through 
the commutator, will not oscillate, although the angle 6 may 
slightly vary. But apart from this contingency, the position 
of y y affects that of al! the normally fiied planes ; and the 
slope of yy, or in other words, the estent to which the 
angle 8 may be open, depends on the ratio of the strength of 
the field to the Btrength of the self-polarisation of the armature.* 
It is thus this ratio with which we have ultimately to deal. 

This question may obviously be afiected by any of tlw' 
following causes. The strengthening of the self -polarisation 
of the armature, and the weakening of the field, one or both,' 
will open the angle B ; while conversely, the weakening of thfl 
armature self-polarisation, and strengthening of the field, either 
or both, will close the angle. A tendency for the normally- 
fixed planes to became bent or deflected at the axis of rotation; 
is also such as may be subaequenily considered. 

These causes may now be internal and inherent to the' 
machine ; or they may be altogether external. As the former 
are those that will require the most consideration, we may 
dispose of the latter first, which will hence form the snbject of 
this present chapter. 

External causes of sparks and flashes at the cotumatal 
(due directly to the oscillation of the normally fixed pli 
may be a " short-circuit " between tbe positive and negativs 
leads or terminals, " earths," or changes of " load." The 
effects, however, apart from such other consequences as th»i 
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burning of insulation or of the armature winding, throwing off 
of the belt, or pulling up of the engine, may vary according to 
the manner in which the machine is wound, and as to whether 
the cause is gradual or sudden. 

Figs. 125 to 128 illustrate variously, separately excited, 
shunt, series, and compound wound dynamos. The outer 
circuit in each is represented by the dotted lines a b and c d ; 
while the line a c will represent a " short-circuit " between the 
positive and negative leads, whereby the whole outer circuit is 
cut out. At E and E' are indicated leakages to earth. The 
effect of leakages into the ground will depend on circum- 
stances. Ordinarily the earth is a bad conductor for large 
currents ; and it does not answer to use it as a return lead. 
Damp or wet earth, and especially the near presence of any 
iron piping or other metal conductor running from one leakage ■ 
to the other, would then, of coursOj render the effect approxi- 
mate, more or less, to that of a short-circuit. The short- 
circuit, as shown at a c, may be of more or less gradual growth, 
such as might arise from the perishing of some insulation, 
taking some little time to happen : or it may be quite sudden, . 
owing to some accident, such as a metal bar falling across, and 
so electrically connecting, a positive and negative terminal on 
a switchboard. 

To consider the gradually growing short-circuit first — which 
may, however, be only a matter of a minute or so, or but a few 
minutes — we find that as the fault increases, the current will 
flow more and more through it, instead of through, and against 
the resistance of, the outer circuit cdh a-, for as the term 
"short-circuit" implies an absence of resistance, so. the path. 
a c will offer ultimately practically no resistance. Now as we 
explained in Chapter XIX., when a machine has an outer circuit 
l^etween the brushes offering little or no resistance, the outer 
voltage, or potential difference between the positive and 
negative brushes, will correspondingly vanish. The whole 
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KILF. of the nwchtne is used imUrmallf, mad is ompiojed in 
impelling current throngli, and against the wawtance of, the 
armature winding only. This is precisely the efiaet pvodnoed 
by the short-circoit ; and hence an enormous current will 
flow. Apart from other consequences^ this will at once cause 
an immense increase in the strength of the self-pdarisalion of 
the armature. 




Fio. 125. — Separately-excited Machine, with Short-Circuit and Earths. 



Now, in Fig. 125, where the magnet coils are on an inde- 
pendent circuit, it will be observed that the field is not 
directly affected by the increased current. Therefore, the 
armature polarisation being increased, while the strength of 
the field is unaltered, the angle will be widely opened, and 
all the normally fixed planes will oscillate forward to suit. 
This, it will be noted, is the same as though the brushes 
were shifted too far backwards. There will hence be "for- 
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ward sparking" of violence concomitant with the backward 
position, as explained in Chapter XX. ; and the flash will be very 
great owing to the immense flow of current. For the arc of 
the flash will be large, and the heat great, and the brilliancy 
will be due to the burning metal of the brushes and commu- 
tator segments, the presence of any zinc in the metals im- 
parting a green tinge to the flame. If, further, the brushes 




Fig. 126. — Shunt- wound Machine, with Short- Circuit and Earths. 



should have had lead, permitting back-induction, this latter 
effect would be intensified by the rush of current through 
the armature. Hence, the field would now also be weakened, 
and thus cause the angle to become still further opened. 

In Fig. 126 the field is directly affected by the gradual 
short-circuit. For, owing to the disappearance of the 
exterior voltage, there is now no potential difference between 
the two ends of the shunt, and so no current will flow 
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through it. Consequently, owing to its dependence on the 
shunt, the field will be reduced in strength to zero, or 
nearly so. The total E.M.F. will fall. But what little 
remains will send current through the armature, causing 
the strength of its self-polarisation to become abnormally 
high in proportion to the (remaining) strength of the field. 
Hence 6 will open, with forward sparking as a result. 




Fig. 127. — Series-wound Machine, with Short-Circuit and Earths. 



The above cases, however, assume a gradually formed 
fihort-circuit. If this were instead to occur suddenly, the 
effects, especially in the case of the shunt wound machine, 
would be different. For, owing to the fact that the induc- 
tance, or self-induction, of the shunt coils would be considerably 
greater than that of the armature winding, and also on 
account of the hysteresis of the magnets, the field would not 
become reduced so quickly as the current in the armature 
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would increase. If anything, indeed, by the laws of self- 
induction (as explained in Chapter XV.), at the first instant 
the field would be strengthened by the extra current through 
the shunt that would immediately precede the ultimate 
reduction of its main current. The total E.M.F. would, 
therefore, not immediately fall, and would possibly rather 
rise for an instant. In any case, however, the whole E.M.F* 
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Fig. 128. — Compound- wound Machine, with Short-Circuit and Earths. 



being used for overcoming the armature resistance only, much 
the same effects must follow, as described above in connection 
with the separately excited machine. Fig. 125, and Q will open. 
To take the case of a series-wound dynamo, as illustrated in 
Fig. 127, we observe that a short-circuit in the outer circuit 
would result in a large current flov^ing not merely in the 
armature, but also through the field windings, assuming these 
not to be cut out. The field will strengthen almost proportion- 
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»tely with the atrengtb of the armature self -polarisation : that 
is, if the rush of current is not too sudden. Hence, the angle' 
C may not sensibly vary ; and there will be little or no sparking. 
It is to be noted that, owing to the resistance of the field 
magnet windings, some E.M.F. will be maintained outside the 
annatare between the brushes, and the great increase in 
ibSBgth to the field due to the increased current in the 
UUkgnet winding will cause the total E.M.F. to rise. Most (^ 
this will be used in overcoming the resistance of the magnal 
coils, which will be greater than that of the armature. Bin: 
as the major part of the outer circuit is short-circuited, t- 
larger proportion of the total E.M.F. will be used up in the 
armature than would otherwise be the caae. A fact bearing 
on this point, however, in the case of aeries machines, is thst 
it the short-circuit is only partial, or at least not absolute, so 
that some resistance in the exterior circuit between the brushe* 
still remains, then, up to a certain limit of decrease of exterior 
;e, or potential difference between I 
B owing to the increasing current I 
with a decrease of outer resistanoff I 
of exterior resistance commences I 
idiicing the outer voltage, in the I 
with a shunt machine.* 
a before, it will be observed that | 
rcuit, with a series winding s 
icts at once. For owing to the 
iding being considerably less 
ils, and also on account of 
the hysteresis of the magneta, the armature polarity will baJ 
afTected much sooner than the field. Hence, at the first instant,!! 
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resistance, the exterior votta 
the brushes, will riee. This 
through the field coils. Bui 
beyond this Umit, the want 
to have a direct effect in i 
manner already explained, ai 
With the same reasoning \ 
a suddenly occurring short-circi 
will not develop its full effectf 
self-induction of the armature ' 
than that of the field magnet 



* Reference, for further asplanation on th[e point, may here be a 
Prof. S. P. Thampson's " Dynamn-KlBttrio Machinery," page S64 (tourtS 
editinn) — mare cspecifllly to a diagram there numbered Vi^. 164. 
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the angle B will open, causing a flash of forward sparking at 
the brushes. It will be remarked further that, in all cases, 
a merely momentary short-circuit would be unable, from want 
of time, to develop all the results that would be permitted by 
a longer endurance* 

It may now be noted that, in the above instances, a gradual 
t>r sudden change of load will but have the same effects, though 
perhaps less in degree, to the gradual or sudden short-circuit. 
If it be attempted, for instance, to use these machines for 
incandescent lamps in parallel, a number of lamps switched 
on would be tantamount, more or less, to introducing a short- 
circuit. More current would flow ; in the separately excited 
and shunt machines the angle d would open, with consequent 
forward sparking : while a similar effect on the angle 6 would 
follow in the case of a series dynamo, should the introduction 
of the lamps be sudden. The brushes may be advanced to 
their new non-sparking positions. Suppose, now, the same 
lamps were switched off again. This would be equivalent to 
introducing a redstance into the outer circuit, instead of a 
short-circuit ; and opposite effects would arise. The angle d 
would close, with back sparking as a result : and whereas the 
exterior voltage would have fallen when the lamps were 
switched on with the separately excited and shunt machines, 
and would have risen with the series machine, the contrary 
effects in this latter respect also, would arise on the lamps 
being switched off again. 

It is thus that in order to achieve the successful running of 
incandescent lamps in parallel, wherewith a steady and unvary- 
ing exterior voltage between the brushes is necessary, howsoever 
the current may vary, the method of compounding the above 
systems of winding has been adopted. Thus, shunt and series 
machines being affected in opposite ways as regards the outside 
voltage, by the same changes of load, a machine may be " com- 
pound wound" on both these systems; it may be shunt wound, 

p 2 
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and ako have some series coils taking the main current round 
the magnets. This is illustrated in Fig. 128^ where both 
windings are shown, the main by a thick line, and the shunt 
by a fine line. Hence, on a number of lamps in parallel 
being switched on (or a small short-circuit occurring), the 
extra flow of current will also go round the magnets in the 
few series coils. By strengthening the field, this will cause an 
increase to the total E.M.F. We have already observed that 
an increased current will inquire a higher E.M.F. to force it 
through the armature, and further, that with a given total 
E.M.F., and a decrease of resistance outside, a larger propor- 
tion of this total E.M.F. .will be used within the machine as 
a fact, to drive the larger current through the armature, at the 
expense of the outer E.M.F. Thus, the compound winding may 
be so arranged that, when the current increases, the total E.M.F. 
will also rise, so that the extra voltage will always be suffi- 
cient to drive the increase of current through, and against 
the resistance of, the armature, and the series coils on the 
magnets. In other words, the additional E.M.F. is entirely 
used within the machine ; consequently, the external voltage 
remains unaltered, as required. It will thus be observed 
further, that the shunt current being led off from the brushes, 
and the potential difference between these now being constant, 
a constant and unvarying current will flow through the shunt. 
Thus the latter will steadily maintain its share of the total 
electromotive force of the machine, and will maintain the 
exterior constant voltage required for the variable current for 
the lamps, according to the number that may be in circuit ; 
while the series winding will overcome the internal resistance 
of the machine. 

But these conditions, moreover, will subserve to the reduc- 
tion of the oscillation of the normally fixed planes, especially 
the plane of requisite reversal {see Chapter XVI.). For, re- 
ferring back to Fig. Ill, when the c and d armature currents 
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are increased, and it becomes necessary that the h short-cir- 
cuited coil shall have had its current made equal to the c 
current, on its arrival into the same position, at the same angle 
with the vertical, as before, we find that the strengthened 
field may enable this to be accomplished. That is, the plane 
of requisite reversal will oscillate but little, or not at all ; and 
the neutral plane, or plane of non-sparking through the com- 
mutator, being either coincident, or at a mechanically-fixed 
angle, with the R R plane, the non-sparking points will remain 
equally stable. Consequently, it is to be observed that in the 
Ideal compound dynamo, under any change of load within 
wide limits, while the exterior voltage may be maintained at 
a constant value, the sparking will be practically eliminated. 



The reader desirous of entering more deeply into the subject of com- 
pound M-inding may be refen-ed again to Prof. Silvanus P. Thompson's 
•* Dynamo-Electric Machinery/' pp. 263 to 265, and 289 to 300 (fourth 
edition). 



CHAPTER XXIII. 



SPARKING AT COMMUTATORS.— ARMATURE 
REACTIONS : FIELD WEAK. 

'Oases may now be considered in which the oscillation, or the 
permanent deflection, of the normally fixed planes may result 
from causes internal and inherent to the machine, and thus 
lead to more or less incurable sparking. These causes may be 
various in character. Oscillation of the planes may be brought 
about by a want of symmetry, or by a defective joint, in the 
armature winding. A permanent deflection through the axis 
of rotation may be caused by a want of symmetry, or asymmetry^ 
in the field ; or, again, the normally fixed planes may have an 
undue inclination toward the centre plane of the field, owing 
to the strength of the self-polarisation of the armature being 
too powerful in proportion to that of the field. It is this last 
oause which we propose to discuss in this present chapter. 

In Fig. 129 herewith are represented diagrammatically 
some of the eflects that may arise from undue weakness of the 
field. The armature winding, which may be considered as of 
either the drum or the Gramme type, is indicated by the 
radial lines a a and h b. For the sake of simplicity the com- 
mutator is omitted ; and the brushes are shown resting directly 
<m the armature. 
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Now in Chapter VIII., in connection with Figs. 50 and 51, 
we deHcanted on " bauk- induct ion," and " croas-indtiction,'' pro- 
duced respectively hy the coils approximately normal to, and 
paraiiel to, the lines of force of the field. The same remarks 




Fig, 192. — Dinffram illuBtmling Aiioatu 
and Siiarkiog due tc 



will apply in the case before us, where we find, 
that the coils aaaa are exercising back-induction, and 
coils bbbh eieri^iaing cross-induction, or cross-magnctiBation, 
as it may otherwise bo termed. These effects 
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known as '* armature reactions '' ; and, in proportion as the 
armature self-magnetisation is strong, and the field weak, so 
will their influence preponderate. As we are assuming a weak 
field, it is these armature reactions thus that we no^ find are 
of special relative importance. 

It has to be observed, however, that these two inductions, 
normal to each other, are in reality only the components of the 
armature self -polarity , which latter may consequently be re» 
garded as their resultant. This may be rendered more clear 
by Figs. 130, 131, and 132. These show an armature revolving 
in a field, with brushes ; but with the latter in three different 
positions. The self-polarity, which we have already shown 
(Chap. XVI., pp. 158, 159) must follow the brushes, is repre- 
sented by the thick line 8 71, which letters may also signify 
south and north respectively. Thus, in Fig. 130, where the 
brushes have a forward lead, the lines s c and a n will indicate 
the back-induction, and the lines c n and s a the cross-induction* 
Hence, lines, one of each of these inductions, for instance, a n 
and c n, may be regarded as components of s n. In Fig. 132, 
the brushes are shown with a negative lead; and it will be 
observed that, while c n and s a still act vertically in the same 
direction as in Fig. 130, though they have exchanged positions, 
s c and a n are reversed : and although c n and a n still continue 
components of s n, yet the induction s c and a n represent is now 
in the same direction with that of the field, which of course 
runs from N to S. Hence the latter has been termed forward- 
induction, inasmuch as it assists the field, in contradistinction 
to the 6acMnduction, which opposes the field. In Fig. 131, 
ns being vertical, the cross- induction alone remains: that is, 
the whole self-polarity of the armature is exerted in this 
direction ; and there is no resolution oi sn into components, as 
in the other two cases. 

Thus, in investigating the armature reactions in a field, it 
may be convenient sometimes to regard the resultant sn alone, 
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and at other times to consider its components instead. For 
oar immediate purpose, it will be better if we view these 
reactions in the light of their resultant only — the armature 
self-polarifcy. 

To examine more closely, therefore, the conditions of the 
armature itself, we know that its actual, or ultimate, polarity, 
is a compromise betweiBn two influences. The first of these 
is the armature self-excitation, tending to produce the self- 
polarity 8 71 just enlarged on: while the second is the field 
induction, tending to induce a diflbrent polarity, as indicated 
by s' n\ These two influences being thus at variance with 
each other, the ultimate polarity, indicated by S and N, 
is a compromise between them. But it is the former of 
these, the self-polarity, s and n, movable with the brushes, 
which may none the less continue chiefly to engage our atten- 
tion. 

With a lead given the brushes as shown, it will be observed 
that these two poles of the armature come exactly under the 
horns E and H ; s opposed to an S horn, and n opposed to an 
N horn. Consequently, we find the full strength of the self- 
magnetisation of the armature directed to the reduction of the 
normal polarity of these horns. According to the mutual 
strengths of the opposed poles, the effects will be as follows : 
either the horns E and H will have their normal magnetism 
weakened ; or they may be entirely demagnetised ; or if the s 
and n poles are very strong, the horns may even have their 
polarity reversed, and the horn E will become north, and H 
south. 

This latter eventuality, however, is more liable to occur with 
a Gramme winding than a drum. For, as pointed out in 
Chapter I., p. 12, and illustrated in Fig. 133, the self-excited 
poles (s and n, Fig. 129) of the drum armature are broadened 
and spread so as to occupy generally two opposite sides of 
the core ; whereas with the Gramme winding, wherein each 



half of the armature tends to hftve its self-excited Xorth pole 
exactly at n, and its South pole eiaotly at a, the two self 
excited poles of the armature as a whole become much raori 
acutely localised or confined to two more lines, or narrow 
strips of Hurfaue, on opposite aides of the core parallel with the 
axis, as indicated in Fig, 134. Hence, with the latter, the fall 
strength of its self-magnetisation is brought to bear with mucb 




FiQ. 133— DmgTFini representing f>elt-escite<l Ti.larity of Drum 



greater effect on the horna it may oppose, than would be 
the case with drum-winding. This is, hence, another respect 
in which the drum armature has a distinct advantage ; and 
inasmuch as a large armature will have more powerfiu 
self-excited poles than a small armature, a larger size of diiufl 
armature may be safely used without risk of reversing 
horns, than would be the case with a Gramme. 
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In the diagram, Fig. 129, it is assumed that the horns 
E and H are simply demagnetised. In consequence of the 
shifting forward of the sel^excited poles a and n with the 
brushes, the angle 6 will open ; and inasmuch as the poles 8 
and n are abnormally strong, .this angle will open wider than 
would otherwise be the case ; and thus the field is greatly dis- 
torted. The C F plane, invariably perpendicular to yy {see 




Fig. 134. — Diagram representing Self-excited Polarity of Gramme 

Armature. 



Chapter XVI.), is also tilted as shown ; and an effect to be noted 
is that the induction lines flowing in and out from the pole- 
pieces, as shown dotted,* become very cramped or dense towards 



* It should be stated that the curx'ature given to the ends of these 
dotted lines is only suggested, inasmuch as it is a departure from the more 
•usual method of showing them arranged symmetrically either side of an 
imaginary straight centre line through the axis, aAyy, The assumption is 
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and at the hams G and F, wbich hence, contraty to the c 
with the other horns, become strongly magnetised. 

We may now notice some further effects that will ar 
a weak field. Referring tience i^ain to the diagram. Fig. 129, 
the plane of maximum E.M.F. will be observed, represented 
-by the line M M. If the brush points thua are placed 
exactly in M M, there will be the maximum potential difference 
between them. It is to be observed, however, that the s and n 
poles being then brought, together with the brushes, nearer 
to i !, they will not so directly oppose the homa E and H ;. 
and these will consequently not be so much weakened. The 
homa Q and F, on the other hand, will be strengthened, by 
the nearer opposition of the unlike poles 5 and ji respectively. 
But bearing in mind, that, to secure an absence of sparking, it 
is necessary that the short-circuited coils, before receding from 
the brush points, should not merely have been commutated, 
but should also have their polarity and current made equal t 
those of the coils they are about to join, we find that as thero- ■ 
are only a few lines of force passing between the armature core- | 
and the horns E and H, no sufficient reverse E.M.F. can be- I 
generated to reverse the current in the short- oiroui ted coil» * 
when the brushes are anywhere near the top and bottom. 
is only when they are moved far forward, as shown dotted, uk>a 



P 



that with a r&pidly rotating iirmature, the ti^ndenc; of the iron, due t 
hysteresia, not imnieiliatclj to respond to the magDotifling forcea acting a 
it, tliough poseibl; overpowered in a strong SbW, may yet, perhaps, take 
effect in a weak Geld In some such manner as shown. The point ma; seem 
of little consequence ; but its importance will depend on thfl extent to 
which, under any given cireumBtances, the effect may toke place. Thia, 
however, trenohes on a subject on which it ts not practicaUe to Bnlarjte 
within the scope of these present remarks. Eeaders desirous of studying 
hystorosis may be referred to Prof. J. A, Ewing's hook " Magnetic Induc- 
tion in Iron and otEier Metals," or to the same work in 2'he Meetridan, 
Vol. XXVil., more especially to pages 617, 518, 646, 547 and 6C2. But it, 
should be unilerstood that there is no iutention to imply here that the 
latter writer is in any way directly responsible for the above i 
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positions 1, 1, so that the coils may be excluding not only a 
sufficient number of lines, but excluding them also at a rate 
sufficient to generate the necessary E.M.F, and current (see 
Chap. I«, p. 8), that the sparking will cease. Thus the plane 
of requisite reversal, lettered R R, is very far forward. Con- 
sequently, when the brushes are in the M M plane, or anywhere 
near the top or bottom, as at positions 2, 2, or 3, 3, being 
behind the RR plane, violent forward sparking will occur, as 
at the brushes in positions A and B, Fig. 117, and indicated 
by the curved arrows. 

To consider the armature reactions in the aspect of the com- 
ponents, that is, of the two inductions normal to each other, 
as illustrated in Figs. 130 and 132, we find that, whereas, when 
the brushes are forward in positions 2, 2, in Fig. 129, back- 
induction results ; if the brushes should be moved back toward 
the horns G and F, as at A and B in Fig. 117 just alluded to, 
/orwarc^induction will ensue : for the coils occupying the 
positions aaaa would have current circulating in them in the 
reverse direction to that indicated in the diagram. 

Now, as forward-induction strengthens the field, this might 
appear an advantage. A point, however, in this connection 
may be touched on, bearing reference to the diagram. Fig. 117, 
in Chapter XX., which was not then dealt with. It will be 
observed, that when the brushes are shifted back to positions 
A and B, and the s and n poles are respectively opposed to the 
horns G and F, unlike poles being then opposed, these horns 
are strengthened, and the lines of force will gather about them 
yet more densely than when they are not so directly opposed 
by the armature poles. Hence we perceive that when the 
brushes have a negative lead, the short-circuited coils are 
traversing a denser field than they would traverse when the 
brushes are forward, even in the case of a normally strong 
field ; and consequently they will generate a more powerful 
KM.F., which will impel a larger s.-c* current, than when the 
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Ijrushes are forward. Thus, when the brushea have a negative 
lead, not oaly ia the 8.-C. current circulating in th 
direction for Bparktessnesa, and diverting all the current flow 
to the brush points, ae shown in Figs. IIS and 120, but it iB' 
«1bo stronger, and haa more efficacy in accomplishing the evil 
4:«aulta. Hence any apparent gain from for ward -induction 
■entirely counterbalanced by the evil results that also attend 
■that particular reaction. With a very strong 6eld a difference 
•of density of lines of force under the horns, according as to 
whether the brushes are back or forward, would, of course, not 
be so marked as with a weak field. It may be noted that it 
J8 for this reason that, in the diagrams Figs. 117 to 131, the 
brushes are shown with a greater poiitme lead (as at C and 
D) than a negative lead (as at A and B), so that the same 
strength of a.-c. curreot may be assumed in each position. 

In the case of a motor, the conditions being aasumed the 
same as in Fig, 139, aa regards N and S, and the position of 
the brushes, the current direction would be reversed, and the 
self-eicited poles s and n would consequently exchange plaae& 
The horns E and H would then be strengthened by being 
opposed by unlike poles. If the pole pieces were not normally 
magnetised, yet the uiagnetism induced within the horns E and 
H by the armature would pervade those regions of the pole- 
pieces, so that they woidd attract the poles of the armature, 
and thereby cause the latter to rotate. The inverse of this 
holds good also — that is, the case of the dynamo brushea 
shifted too far back. For, as pointed out, the horns G and F 
would be strengthened by the dynamo armature ; and so, if 
not normally magnetised, magnetism would be induced ia them 
by the armature poles. Hence, the armature would create itg 
own field. But the forward sparking would still take plac^ 
involving loss of ouergy and destruction of material. 

When the motor brushes are forward and the motor armature 
ia creating its own field, by induction, it has to be borne ia 
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miod that the short-circuited coils will behave like the coils of 
a dynamo armature, and will similarly be generating a short- 
circuit E.M.F. and current. Thus the s.-c. current will circu- 
late in the same direction as in the coils h and/ in Fig. 119. 
But with the motor the main current will be flowing in the 
opposite direction. Hence Fig. 120 will represent the motor 
brush at position C in Fig. 117 ; and it will be observed that 
heavy forward sparking will occur, as with the dynamo brush 
too far back. 

Reverting, however, to the weak field of a dynamo, as repre- 
sented in Fig. 129, it has to be noted that the plane of maxi- 
mum electromotive force being represented by the line M M, 
the further the brushes are shifted from this plane the less will 
their potential difference, that is, the outside voltage of the 
machine, become. For as the positive brush descends on one 
side below the point of maximum potential, so the negative 
rises on the other side above the point of minimum potential. 
Hence on advancing the brushes in order to attain a non-spark- 
ing position, the efficiency of the machine is sacrificed. It is 
thus that a field, too weak in proportion to the self-magnetisa- 
tion of the armatute, presents one of those cases wherewith 
sparking is practically hopeless. 



Note. — It is necessary to observe that the word demagnetised ^ as it 
appears on pages 219 and 221, should be understood to refer only to the 
stoppage of the flow of induction lines from the pole-pieces into the arma- 
ture, or vice versd. The word, as here used, is not intended to imply that 
there may be no "free" magnetism from the parts under consideration 
outside the field. In subsequent Chapters the word " counteracted " will 
be used where this particular meaning is alone intended. 

Q 
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SPARKING AT COMMUTATORS.— ARMATURE 
REACTIONS: MAGNETIC FLOW, 



In our last chapter we touched on the fact, in connection with 
Figs. 130 to 132, that the self-excited polarity of the armature 
might be resolved into two component inductions, respectively 
parallel and normal to the field. We also remarked that the 
armature reactions might thus be studied either in the light of 
the self-polarity merely, or else by considering the separate 
components. 

It so happens that this latter method affords special advan- 
tages for the elucidation of some of the reactions that take 
place in the field. We have already to a slight extent treated 
our subject in this manner. But it is our purpose now, 
however, in this present and succeeding chapters to adopt this 
method of investigation yet more thoroughly, and so to pre- 
pare the way to practical conclusions not otherwise, perhaps, 
so easily attainable. With this ^object in view, we shall 
thus find it necessary to consider somewhat more closely than 
heretofore, the precise nature of magnetism itself. 

Now, it will be well understood that, within properly pro- 
scribed limits^ lines of magnetism may be regarded as forming 
a current, similar to electricity. If an intact ring of iron is 

«aagnebised by a coil and electric current round a part of it, 
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Fio. 136. 





Fio. 138. 



Fig. 139. 





Fig. 140. 

Diagrams illustrating Magnetic Flow. 
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the induction appears to circulate through the iron of the 
ring without there being any " field " outside, as shoimi Fig. 
135, where the dotted circle cc indicates the magnetic flow; 
and it will not attract any foreign magnetic body. But 
now let the ring be severed on one side, and the two ends 
drawn apart, so as to approximate the shape of a horse-shoe, 
as illustrated Fig. 136. We then find that the induction 
has apparently flown to the surface of the iron at the two 
ends, and, if possible, it will leap the gap between the ends, 
so as to continue its circulation. One of these ends will be 
north and the other south ; and the nearer they are to each 
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Fig. 137. — Diagram illustrating " Free " Magnetism. 



other, the greater will be the number of induction lines crossing 
between them. If, again, the ring be opened out into a more 
or less straight bar, the magnetism will still be at the ends 
(Fig. 137), forming north and south poles; but the magnet- 
ism will now be what is termed "free" magnetism and will 
resemble static electricity, positive and negative, at either end. 
It is at this point, however, that the similitude of magnetism 
to electricity fails. For, whereas a charge of the latter can 
be drawn off* by the contact or near approach of another body, 
magnetism cannot so be caused to discharge itself ; and 
however much a piece of magnetised iron or steel may be put 
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in contact with other bodies of iron or steel, and may eiWt 
attractive force on them, its own magnetism nevertheless 
'remains. It may be noted, however, that a eircnlatiot of 
"lines of force" is still maintained, through apace, or air, 
or other non-magnetic matter, as indicated by the dotted 
lines c'c. Fig. 137. 

Returning to the liorseshoe, it is further known that fi 
'the gap or field is bridged by a bar of iron or steel placed 
across, as depicted. Fig. 13S ((/), the induction lines will oroB'Cl 
through it, finding thereby an easier passage than through 
air, owing to the high magnetic permeability of those 




Fig. 142.— DiBtortioii nt MagnPtic nun 
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metals. There will be less " free " magnetism, and the 
induction keeping more within the metal, the field will ' 
reduced to a minimum. Or, again, if a shorter bar we 
-inserted as at d, Fig, 139, bo as just to leave very small ga|M 
between its ends and the two poles of the magnet, then k 
much denser crowd of induction lines will traverse theOB 
narrow interstices, and along the intervening bar, than would 
be the case were the bar absent. If the inserted bar be 
itself a ma^et, and its north pole be opposed to the south 
pole of the horseshoe, and its south to the north of 1 
horseshoe, as shown in Fig. 140, the flow of induction lines will 
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be accelerated. On reversing the bar end for end, so that south 
is opposed to south, and north to north, the opposing " like " 
^oles reduce each other, and the flow of induction lines is 
retarded as represented in Fig. 141. Further, if the lelmall 
magpietised bar be placed in the gap with its polarity across 
that of the field, as shown in Fig. 142 (representing the same 
gap as before, but to a larger scale), we then find that the main 
flow of induction is diverted, and so passes through those 
regions of the small interstices, as at e e, where unlike poles 9J^e 
opposed, but evinces a tendency to escape as "free "magnetism 
where like poles are opposed, as at //. 

Fig. 143 may now, however, engage our attention. We 
discover here the same conditions as in the last diagram; 




Fig. 143. — Distortion of Magnetic Flow, shown analytically. 

but the magnetic flow is represented differently. Fig. 142 
indicated the resvltant or ultimate flow. But in the diagram 
now before us this ultimate flow is analysed. It will thus 
be noted that there are here shown three separate circuits. 

• Of these, the dotted line c c indicates the main induction of 
the whole ring; and there are two small magnetic circuits, 
ehfg^ which appertain to the polarity of the small inserted 
blocik, and are due to the iron on either side. Observing now 
the various directions of magnetic flow, as denoted by the 
arrowheads, we may perceive that at the regions // the 
direction of flow in the small circuits is contrary to that of 
the main induction, while at 6 6 there is confluence oi induc- 

• tion. Hence in the latter regions the lines gather together 
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and beoome dease, each iuduction aaaisting the other ; 1 
at the former, the main flow is baulked, and there is GBcape 
of free magnetism, as intimated. It may be remarked heie 
that in Fig. 140 " forward-iuductioii " is repreBented; in 
Fig, 141, " back-induction " ; and in Figs. 142 and 143 
likewise " cross- induction " is illustrated, iu which reaped 
these diagrams may be compared with Figs. 130 to 132 in 
the last chapter. 




We may now proceed to the consideration of the diagrams, 
Figs. 144 and 145. These show once more an armature 
revolving in a field. In the former the brushes aje represented 
with negative lead, thus giving rise to forward-induction ; and 
in the latter they have positive lead, with consequent back* 
induction. The thick line s n indicates the armature Belt- 
polarity as heretofore. 

Examining these diagrams now more closely, and companng' 
them with Figs. 130 to 132 and 140 to 143, we observe that 
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the self -polarity sn is resolved into its two component in- 
ductions, and we find that the croM-induction is represented as 
having two magnetic circuits d ef and gkl, similar to those in 
Fig. 143; and the forward and back-inductions are represented 
by the lines pqr and p q' r. The main induction of the field 
is indicated by the thick lines abc and a h' c. It will thus be 
observed that the inductions parallel with the field divide, so 




Fig. 145. — Armature Reactions shown analytically : Positive Lead and 

Back-induction. 



that they flow partly through the upper, and partly through 
the lower, half of the armature. Were the brushes to be with- 
out lead, and placed exactly top and bottom, there would then, 
of course, be neither forward nor back-induction. But with 
lead assumed, the presence of these inductions needs to be 
taken into account. 

A point that may be remarked here is that the strength 
of any magnetic flow is measured by the number of imaginary 



lines of magnetism that may flow together through any given 
«ectional area of metal, matter, or space — iu other words, by 
their dmittty. Moreover, inasmuch as in Fig. 129 we assumed 
that the armature aelf-eicited poles were equal in strength to 
*he horns they opposed, and so counteracted them, we may 
' 4ake the same assumption here, Hence, in Fig, 145 the honw 
I >£ and H may also be regarded as being counteracted by th« 
opposing I and n armature poles ; and, consequently, that the 
dmtiti/ of the magnetic lines iBHuiug from n, equals the density 
of those that would be issuing from the horn U ; and the two 
Opposing densities of a and E would also be equal. 

We may now consider the various directions of magnetic 
flow in these latter diagrams. Thus, at the outset, it is to be 
observed that in Fig. 144 the inductions al>e,a I! c, and r^p, 
rgV> ^""^ ^ shown confluent with one another through the 
magnets, field and armature, concomitant with the negative 
lead to the brushes^ whereas, in Fig. 145, the fleld-inductioiB 
aht, a h' c, are shown opposed throughout to pqr and^y'r,,ii» 
accordance with the positive lead. But it has to be noted in 
Fig. 145, that of the three lines of flow through the horn H, 
and with the assumptiouB as above, the strength oi p'l r plus 
that of glh will together equal the strength of the counter- 
flowing magnetism represented by the line a h' c. It will bo 
■convenient if we further assume that !j I h and p q' t are eaah 
respectively half of the back and cross-inductione, and are equal 
to each other ; hence, either one of them will equal half a 6'^ 
which latter is itself halt of the main induction. 
- Having regard now to horn G in the same diagram (Fig. 145), 
,it will be perceived here that the cross and back-inductiooo 
glh &aApqT oppose each other, and being eijual, they thi 
eliminate each other's flow. Consequently, the half-field m- 
duction a t c is alone left. We hence find that, inasmuch 
there ie no flow either way through the horn H, the difl:eren» 
in strength between this horn and the horn G may be said t» 
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be infinite. But, of course, with other assumptions, if for 
instance the back-induction were not so strong as just 
supposed, then the field-induction flowing from the horn H 
would not be so equally opposed, and H would not be quite 
counteracted; and though some of the cross-induction would 
now be left to assist the field-induction in horn G, and so cause 
t^is horn to be stronger than above supposed, yet the horn H 
having now some strength, the difierence in strength between 
the two horns would no longer be infinite. 

Reverting now, however, to Fig. 144, we find that at the 
horn H — similarly to the first assumption in G, Fig. 145 — 
the forward and cross-inductions oppose each other, thus 
leaving the half-field induction flow a b' c. At horn G, on the 
other hand, all three inductions are confluent. Thus, beside 
the fact that in Fig. 144 neither horn is counteracted, the 
point now to be noted is that, whereas the difference in strength, 
on the first assumptions, between the horns G and H in Fig. 145 
was infinite, in Fig. 144 G is merely twice the strength of HL 
Hence, in Fig. 144 the field is not so distorted, nor the angle 
so wide open, as in Fig. 145. If the brushes are moved to the 
middle positions, so that neither back or forward-induction 
exist, we then find that, with the same assumptions of strength, 
the horn G will be three times the strength of H ; and the 
line yy, representing the distortion of the field, will occupy 
a position intermediate in its inclination between the two 
extremes depicted. 

In the necks of the pole-pieces on the line xx much differ- 
ence of effect in the various cases will be observed. Thus in 
Fig. 144, with the negative lead, we perceive that in the N 
pole-piece the armature reactions oppose each other, thereby 
leaving the field-induction to flow alone; but in the S pole- 
piece, on the other hand, all the inductions are confluent. On 
the line x x, Fig. 145, we find that as the armature reactions in 
the N pole-piece both oppose the field-induction, and are 
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together aasitmed equal to the latter, there will here be m>l!<HI 
&t all : and in the S pole-piece the field- induction will 1 
ftlone. 

It needs to be well understood, however, that in theae 
Oppoeitiona of flow, abeolate elimination of magnetism does 
not occur. For it is only in the sense that the magnetic in- 
duction approachcB the nature oF a current that such flow may 
be stopped. The magnetism still remains, but, as intimated 
in connection with Fig, 142 lf,f), it becomes "Free." Hence 
esperi men tally in practice, the lower end oF the N pole-pieoa 
in Fig. 145 would be found to attract foreign bodies of 
Bteel much more powerfully than would the S pole-piece ia 
Fig. 144, where the induction has an unopposed intenuU jlaa, 
and consequently does not become " free." 

Now magnetism at a south pole becomes Free just as rauob 
as at a north pole, as shown Fig. 137. Hence we observe that 
in Fig. 145, the armature self-magnetisation being opposed 
en bloc at both the s and n poles, the wkolt of this also ti 
become free. In Fig. 144 the contrary holds good; and wfe 
find that the aelF-magnetisation of the armature has a 
impeded flow in and out of the pole-pieces. The proportionat* 
flow oF lines oF magnetic force between the pole-pieces and 
the armature is represented by the small lines crossing- 
the intervening air-gap. Tims, though the total amonnt 
of magnetism, so to say, may be the same in each i 
yet there is much more waste by magnetism become frag 
with the back-induction than with the for ward- induction. 
it is equally obvious, however, that with little or no lead to thi 
brushes, there will be leas waste by free magnetism than v 
there ia positive lead giving rise to back -induction. Thi 
inutility of the for ward -induction has already been espatiata 
upon in the last chapter. It will be noted that Fig. 13L^^ 
depicted the ultimate results of the reactions shown mon 
analytically in Fig. 145, This "free" magnetism forms j 



ABMATURE REACTIONS. 287 

of what is termed the " waste field " of a dynamo. It needs 
to be well borne in mind, however, that, in the above re- 
marks, the effect of the air gaps between the armature and 
pole-pieces has been disregarded. In actual practice the 
waste field is considerable ; and for this the gaps are chiefly 
responsible. Were there no gaps, and the armature core 
fitted tightly between the pole-pieces, then the magnetic 
circuit within the magnets and armature would be entirely 
"closed," as in Fig. 135. There would be, practically, no 
free magnetism and, consequently, no attraction for foreign 
bodies of iron or steel. This latter remark, however, will apply 
more justly to the case represented in Fig. 144 than to that in 
Fig, 145. For, in the latter, the juxta-position of " like ^^ 
poles at the horns £ and H would cause the formation of a 
joint " consequent " pole at each of those regions, from whence 
would issue lines of free magnetism, as represented at ff^ 
Fig. 142. With the presence of the gaps, the flow of main 
induction is retarded in the sense of its resemblance to a 
current, and thus causes a large proportion of it to fly to the 
surface and become free. Hence, as shown at cV, Fig. 137, it 
seeks a path from N to S through the air on all sides, thus 
forming " waste field " as intimated, to which that produced 
by the armature reactions above discussed is additional. 



On May 11th, 1893, a Paper was read by Mr. W. B. Sayers 
before the Institution of Electrical Engineers, describing a 
method of armature winding by which the forward- induction 
may be utilised without sparking at the. brushes. This may be 
explained with the assistance of the diagram herewith (Fig. 146). 
It will be observed that between the main winding cd, of 
the armature and the commutator there is inserted another 
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urifls o( coila « i*. These latter are termed " commutator ooQbI^ 
(by Mi. Sayars), and are interwound oa the armature with t] 




maiu winding c d, although for uleamess here shown separat 
Put shortly, and compariug thia with Fig. 1 1 8 showing the po! 
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tive brush in the same position, it will be seen that by means of 
the '* commutator coils" a resultant short-circuit current is 
■caused to^u^ out at the lug g, thus baulking the main current 
from the armature that would otherwise be flowing in at g. 
The sparking such as indicated in Fig. 118 is thus obviated. 
Hence, with this form of winding an armature may be per- 
mitted to create its own field by inducing the necessary 
polarity in the pole-pieces of the field magnets, as intimated 
on page 224, and thus field magnet coils are not required. 

It may, however, be of interest to analyse this method of 
winding, and its theory, more closely. Thus, an output may 
be assumed, as represented in the accompanying diagram, of 144 
amperes up the brush, composed of 72 amperes from each 
half of the main winding c and d respectively. Now, the brush 
being at position A, Fig. 117, it will be noted that the coils 
toward the right at d and v are including lines of force at a 
greater rate than those to the left, and, consequently, are 
generating a higher E.M.F. With the same resistances in 
each case, larger currents will therefore be set up by the coils 
toward d and v than towards c and m. The numbers on the 
diagram all representing amperes, it will hence be observed 
that the coils 0, i/, «, /, and h are represented as generating 
currents equal to 360, 198, 99, 99, and 39 amperes respectively. 
It will be noted, however, that these are respectively only 
currents that would circulate were there no opposing currents 
in the same circuits — as was also the case in Figs. 118 to 121. 
All these five coils are short-circuited by the brush ; and it has 
to be observed that here also the conditions depicted are those 
that a/re broken by the recession of the segment r from the 
brush, and so are not the results of the recession. The analysis 
of the effects may now be accomplished by considering in detail 
the course pursued by the current from each short-circuited 
coil individually and in order ; after which the mutual effects 
of these various currents one on the other may be observed, and 
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the reeuU noted. On the lugs .'/, h, and i, are thus denoted b; 
the arrowheftdfl, numerals, and letters, the currents which will 
be trtnlmg to flow in them from eacli of the five coile reapec- 
tively. The 99 amperes at coil /', for instance, leaving at !>■ 
and needing to return at /, has two paths which it may pursue,' 
luunely, hjxgmnoizl and kyhnoitl. In the former, tbe 
resistances of the coils A, ■•; and z Lave to he ovei 
the latter only that of y and t (neglecting the reaiatauce of tbe 
intermediate conductors). Coil z being common to both paths, 
we find that the current will divide itaelf between these two 
paths inversely according to their resistances — that is, as two to 
one (»ef page 171). Hence, in the path wherein the resistance 
of the two coils h and a: is encountered we find only 33/ 
amperes will flow down, and where the one coil y is encoun- 
tered 66/ will Sow; while the undivided current of 99/will 
outflow, on its return to the negative end of coil/^ through 
i. The current from h being analysed in the same manner, 
perceive that while the whole 39 b descends through lug 
this will rise in currents of 26 and 13 amperes respectively 
h and /, So also will the other currents divide and flow, 
indicated; and it will be noted that the 198 amperes from co^ 
y, having return paths right and left of equal resistance, 
returns in two equal currents of 99 y each. Cancelling now 
all opposing short-circuit currents, we ascertain, as indicated 
aX. mno, that a resultant 48 amperes of short-circuit current 
wilt tend to outflow through lug g; and eimilarly, 68 ampenti 
through h ; while 116 amperes will enter through 
116 - 68 H- 48. 

But to consider now the main armature currents c and d, 
observe that 72 c amperes will arrive at j, and 73 at /. 
of these currents will have three paths to the brush (up 
moment of recession), passing through x, y and ; respectively, 
of which paths consequently the resistances will be as one, two 
and three. The c current, for instance, will encounter in ona 
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luice of coil X oaly ; in the second path that of 
b and y ; and in the third puth that of h, f and z. We thua 
perceive that the nmin currents will divide theraaelves through 
these three patha in the proportiona denoted at J, k and /, 
These form totals of 48 amperes each, as indicated below the 
points g, A and i. But in g \eo now find that the 48 c J current 
is met by the opposing 48 short-oircnit current. Hence, at the 
moment of recession, there will be no current whatever flowing 
in the path m g xj, and so no sparking. In h we observe that 
a difference of 20 amperes will outflow, as indicated; but in lug 
i the 48 cci will augment the confluent short-circuit 116, form- 
ing a total of 104. This latter thus divides at 0, sending the 144 
up the brush, leaving the 20 to flow in the circuit it k yfz o : 
and the double arrowheads will indicate the currents that will 
actually and ultimately be flowing in the circuits. 

It will thus be remarked that by the process of aeaimila- 
tion of currents (see pp. 168, 169, 192, especially the latter) the 
action of the resultant ehort-circnit current due to the electro- 
motive forces of tiie short-circuited commutator coils has the 
efiect of diverting the flow of current from the point to the 
heel of the brush, as in Figs. 119 and 121, such effect being, 
. in fact, almost entirely due to the hindmost coil !. 

With regard to the potential, inasmuch as the coils x, y, and : 
are in series between the main winding c d and the resistance of 
the outer circuit, then (as pointed out on pp. 180, 181) their 
electromotive forces will accumulate with, and become added 
to, the E.M.F. of the main winding. Further, it will be noted, 
that taken separately, coil z will generate a higher E.M.F. than 
t/, and y than x. But in the commutator, apart from the effect 
of the " commutator coils," the M M plane being toward c and «, 
segment r will have a higher accumulated E.M.F. than s, and 
e than t. It will thus be observed that the commutator coil x 
of least potential is in seriea with the segment r of greatest 
potential ; and inversely the highest charged commutator coil z 
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' 18 io series with tbe loweat charged eegment t. Tbe potentials 
of the commutator coils, added to the potentials of the seg- 
ineutB, thus tend to equalise the latter in this respect. Hence 
couuomitant with the itbsence of current flow between n and m, 
aeguietits r and s may be assumed of ei^nal potential. But, as 
represented in the diagritm, it maj be assumed that the E.M.F, 
from z has mode segment I of slightly higher E.M.F. than s, as 
ironld be concomitant with tlie Mmal! current of 20 amperes 
Sowing from o to ii, aod up nh. U y generated a higher E.M.F, 
than here imagined, it would impel a larger short-circuit current. 
So that with the increase of E.M.P'. of s over r, there would also 
be a flow of current from n to m, and consequent bac k -sparking ' 
at the moment of rcLCssion Ihis would occur, it will be per- 
ceived, if the negative lead to the brush were increased. Con- 
trariwise, lest negative lead, by letting the proportional E.MF. 
of 1/ drop, will cause forward sparking With regard to these 
ahort-circuit currentb, the 360 amperes in coil i, the 198 injr, 
99 in X, 99 in /, and 39 in 6, it hae to be noted that the pro- 
ducts of these and the electroraotive forces of their respective 
coils, that is, the E.M.F. jeneratftl in each coil at the mommt 
of shoTt-circuitintj — not the total absolute E.M.F, of the machine 
— will represent a certain amount of lost awrgy. This, how- 
ever, does not necessarily mean energy that has been created 
and then lost by being ituMtptnt. For it is rather a loss by the 
prevmtimi, of the creation of energy which might otherwise be 
added to the total efficiency of the machine, but here is not 
added. 

This point may be made clearer. Eeference to Fig. 118 
(p. 185) will show how the forward-sparking that occurs 
with ordinary drum or Gramme winding, when the brushes 
have negative lead, is due to the breaking, not only of the main 
current, but also of short-circuit current. Reverting to the 
diagram accompanying these remarks, it will be seen that, 
besides the main current of 48 amperes entering at g, there 
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are also the short-circuit currents, in part or wholly, from the 
coils /, 6, and x, also entering by lug </, forming a total much 
larger than the main current alone, similar to the case in 
Fig. 118. It is thus this whole total, in the case assumed 
33/+396 + 99ir + 48cc?=219 amperes, that has to be pre- 
vented from entering through lug ^, which is accomplished 
by a counter-current of the same quantity. 

Argument might be adduced that as these opposing currents 
prevent each other's flow, therefore the energy of which they 
would otherwise form factors is not spent. But, as intimated, 
this is not the point. Analogy to the case may be found thus. 
If two steam engines, with full steam turned on, are geared 
together so that each prevents the other's motion, no toork is 
done, and so no energy is spent. Or, again, if two dynamos be 
coupled up, positive to positive and negative to negative, on 
being run, their currents will oppose, and so baulk each other ; 
and if their outputs are equal, no current at all will flow ; and 
so, here again, no work will be done. But the point now is 
that, with both the engines and the dynamos, these being 
rendered in each case assumed mutually inoperative, they 
represent so much capital outlay lying practically idle, and 
producing no dividends. It is thus that the loss due to all 
the opposition of currents in this windingTmay be viewed and 
estimated; for we find here, that the products of these currents 
and their several electromotive forces represent so many watts 
oi power opposed to power, which, for want of motion, mutually 
prevented, is not converted into energy or work, which might 
otherwise become added to the general efficiency of the machine. 
This loss, in fact, may be regarded as the price of the sparkless- 
ness attained by this arrangement of winding, to be put against 
its various advantages, such as the non-requirement for coils on 
the field-magnets. 
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CHAPTER XXV. 



SPARKING AT COMMUTATORS.— ARMATURE 
REACTIONS: FIELD ASYMMETRICAL.* 

Having thus far discussed the subject and theory of magnetic 
flow, we may now proceed with our general disquisition into 
the causes of sparking, in which our last chapter was some- 
what of the nature of an interpolation. The source of sparking 
we propose now to consider was among those mentioned at the 
commencement of Chapter XXIIL, and we allude to a want of 
symmetry, or asymmetry^ in the field — that is, a field stronger 
in one half than in the other half ; or, in other words, having 
regions on the opposite ends of any diameter which are not of 
equal strength. It is in this direction, therefore, that we may 
find that particular method of investigating the reactions of an 
armature in the field, illustrated and described in our last 
chapter, to be essentially of service. 

The case of a field excited by four magnets in parallel, as 
illustrated Fig. 147 herewith, affords an example wherein sucdi 
Absence of symmetry might be produced, by one coil not 
developing its full exciting power, owing, perhaps, to a bad 



* This and the chapter preceding are based largely on a Paper read by 
Mr. Jas, Swinburne before the Institution of Electrical Engineers, and 
published in The Electrician, Vol. XXIV., 1890. {See Feb. 14th, pp. 374 
Zlb for particular portion to which reference is made.) 
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joiut. Thus one side of the field would have fewer 
of force thftn the othei*. 

But in &I1 oases of an asymmetrical field, it may be remarked, 
a drum winding will be less nOected by this manner of fault tbau 
a Oramme, For the coils of the former embtttce the whole 
field with all its inequalities ; while two coils of the latter at 
ojiposite ends of a diameter may be traversing portions of 
ihe field unequal in strength, and so will not generate the 
same E.M.F. 
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Apart from the possible caiiae mentioned above, however, 
there are two other aouroea from whence may arise this particular 
trouble, which are of a nature, perhaps, not quite ao evident. 
To eiplain these, i-efercnce may be made to Figs. 148, 149 and 
150. In the two former of these diagrams it will be observed 
that the neck of the pole-piece, as on .e x, ia only half the 
seotiou of what it is higher up, as at f ( ; while in the latter, 
the section on j; iir is considerably less than half that above. 
Thus, in the last case, we find an asymmetrical field may bo 
caused simply by the fact that, of the lines of induction 
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descending, say, through tt^ the half of the induction lines 
required for the lower part of the field have not room to pass 
down through the section vv, and to rise again through ww. 
The lines are choked or throttled in the necks of the pole- 
pieces. Hence the upper part of the field will be stronger than 
the lower part. 

But, before further discussing this latter diagram, which 
we must leave for the present, it will be better to consider 
Fig. 148. This shows a field and armature similar to those 
in the last chapter; and it will be observed that, in like 
manner, three magnetic circuits are indicated respectively by 
ah h' c, d ef, and g h ly representing the main and cross- 
inductions. The brushes are shown touching in the vertical 
centre line, so as to preclude any back or forward-induction ; 
for either of these latter, if present, would be merely a 
superadded effect, not necessary for the present argument. 
The direction of the flow in the three circuits will be as 
indicated by the arrowheads ; and it will be noted that, 
as in foregoing diagrams, in S the cross-induction flow from 
/to e, and the main-induction from b' to c, are. confluent; 
and in N the inductions from a to &' and I to h oppose each 
other. Similar confluence will be observed at the horns G 
and F, and opposition at the horns £ and H. 

Now a field may be wanting in symmetry, yet without being 
absolutely weak. There may be plenty of exciting power in 
the magnet coils, but the results are not equally distributed 
through the field. For our present purpose, however, it will 
be convenient to assume that the field before us is weak as well 
as asymmetrical, so that the eflects it is our object to render 
evident may be the more conspicuous. 

A field may be rendered weak by two causes. These may be 
either that the magnets are too small, or else that the field- 
magnets are not sufficiently excited, owing to a deficiency of 
ampere turns in their coils. In the former case the magnets 



Uid pole-piefieH may be carrying all the induction lines possible, 

or ill other words, they may be " saturated ;" but in the latter 

case they will not be saturated. 

Of these two causes, heuce the former may be assumed to be 

the case iu Fig. 148; and consequently it is understood that 
[ both the magnets and pole-pieces are saturated. It should be 

U>t«d, however, that this means that these parts are saturated 
■by the ntaiii induction along abb'c alone. We have now to 
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- FlU. 148.— Aayomieuj- of Field due to TlirotllliiK of CroBe-iuduttiun. 
Sparking at one Brueh uul;. 

consider the suptsrimposed effects of the cross-induction, in- 
dicated by the smaller circuits ghl and def. 

In the first place, it needs to be observed that, inasnouoli fu 
* It is vertical, the opposition of the armature self-escited poles 
to the boras E aod H will not be so direct aa in the case repte^ 
sented in Fig. 145, Back-induction beiug absent, we may in 
fact adopt the esaggerated assumption, with the assumption of 
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a weak field, that the croas-induotion ia by itaelf eqiul to the 
field-inductJOD. Thus now to direct our attention to these orosB- 
inductiona, we observe in the Grat place that these partioular 
reactions of the armature do not Btrengthen the field, but that 
rather they are the direct cause of its dittortion. For in so fiu 
as these magnetic inductions may be regarded as eurrenU, it 
will become palpable on reflection that these cross-induction 
flows will merely act on the mun induction flow in mucb the 




same manner as on an earlier page we demonstrated that the 
short-circuit currents at the commutator took effect on the 
main current, namely, that they divarted the flow of the main 
current fron) one course to another. Thus it is in the case 
before us. We find that the effect or tendency of the ghl 
induction is to transfer the exit of the main induction from N 
as much as possible from the bottom to the top of the field ; 
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»nd the Wndenoy of the rfe/iuduction is to transfer the «M<*y 
of the main iuduction into S from the top to the bottom ; and, 
M illustrated by the dotted lines in Fig. 129, the whole body' 
of iuduction lines leaving N will now crowd out as much as 
possible toward the horn G, and passing through the upper 
utd lower halves of the armature, will thus tend to impinge 
for the moat part on the lower half of the pole-piece S- 

It will be noted, however, that though the cross-induction 
may have this diverting effect on the main flow, it nevertheleas 
does Jiol augment the latter through the armature and field, 
The flow down g, for instance, will merely eijnal the strength 
of the cross -induction ; and the strength along b' will continue 
to be just that of half the main induction; and the flow 
through the horn H will be the difference between that at g 
and h', here assumed aa nothing. 

But it ia evident, referring again to the short-cireuit cur- 
rents at the brushes, that if the lugs, for instance, were not 
large enough to carry an augmentation of main and short' 
circuit current, the latter could not take effect — its very 
existence in fact being imperilled. Thus it is in the case 
before us. For we find that the cross-induction from / to < 
pli*s half the normal main inductions are wanting to ascend 
through the section on xx. But the latter induction alone, 
under the circumstances, saturates this section ; therefore,* 
there ia not room for both inductions to pass, Conseciuently, 
excepting in ao far as S may become super-saturated, the 
df-f induction cannot have the effect in diverting the entry 
of main induction into S from £ towards F that it would other- 
wise have. Hence we find that the entry of main iudnctionp 
into S will extend in area much more fully towards E, thu^ 
its exit from N extends toward H. 

The upshot, therefore, as may be perceived, is that the field 
is rendered asymmetrical. For in the first place, as the 
induction lines will leave N in the regions towards G in & 
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dense condition, but cannot correspondingly enter densely 
the regions of S toward F, these diametrically opposite parta 
of the field are unequal in strength ; and secondly, as already 
explained, lines are passing between the armature oore and S 
qaite up to E, but not between the core and N toward H; 
and contequenUy the horn Eii not counteracted liJce the kom H. 




Fnrther effects are now to be observed. Inasmuch as the 
lines are entering the armature more thickly toward the bom G, 
than they are leaving it toward F ; and the outflow is more 
evenly spread on the side toward S ; therefore, the ultimate 
pole S ol the armature is higher above x x tiiau the N pole 
is below it ; and the centre line of diatortiou yy v'AX be seen to 
be deflected through the axis as shown. 



KIoreoTer, as the lines of force between the pole-piece and 
vmature are denser toward E than H, it is obvious that the 
R R plane above will not be so far forward as that below, 
Heuce the upper brush will not require bo much lead to attaiu 
a non-Bparking position as the lower brush ; and it will not b« 
poBsible, with the brush points diametrically opposite each 
other, for the brushes both to be in non-sparking positions at 
once. It will bo observed, however, that this deflection of the 
R B plane refers only to Gramme winding. For it is obvious 
that with a drum winding, wherewith each coil embraces the 
whole field, some one angular position in one plane through the 
axis will be found where the requisite reversal takes place. 

Now we have remarked that when lines of magnetic induc- 
tion cannot find a circuit, as at the two ends of a bar, the 
magnetism will fly to the surface at the ends, and become 
"free" magnetism radiating into space. Tbus, continuing to 
refer to Fig. 148, we perceive that as of the combined inductions 
i' and d flowing to meet each other, all cannot pass up through 
the neck of S, a remainder, equal to the d crosa-induction, 
will be left without a circuit. This remainder will, therefore, j 
become "free." It may be said in fact that the d era 
induction, tindiog no circuit, but yet no 
becomes free at both ends, above and below. At the horn Q 
both the main and cross-inductions are trowing unimpeded, i 
that neither becomes free. But at F, nn the other I 
where the inductions oppose each other, both become free, the 
difference alone, if any, remaining as an internal f 
remarks of course, it will be observed, are made without refi 
ence to the air-gap between the armature and pole-pie<t 
alluded to in the last chapter, as this would not affect tlie [ 
sent argument. 

Fig. 149 ia merely a reproduction of the last diagram, 1 
with all the polarities reversed. It will be seen, however, I 
though the inductions are reversed, yet the 
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oppositions of flow are in the same locations as in the foregoing 
case, and, oonsequentlj, the lower brush will still require the 
most lead. 

Eeverting to the question of the free or waste magnetism, it 
will be observed that in both these diagrams. Figs. 148 and 14:% 
this effect occurs at the horns E, F, and H, but not at G (neg- 
lecting the effect of the gap). There is thus a want of sym- 
metry in the waste field produced, concomitant with the want 
of symmetry in the field proper. In these oases we have, of 
course, as intimated, assumed a main induction of exaggerated 
weakness, at least in respect of the horn H. With a main 
induction a h' considerably stronger than the cross-induction 
^ Z, as would be usual in practice, their difference would con- 
tinue along h' c ; while the remainder, that is, g Z, and a part of 
a y equal to g I, would become free, and so form waste field 
seeking an air circuit to S. This will apply also to the horn 
E, where there is likewise opposition of flow. 

Now all the above results, it will be perceived, are simply 
due to a want of section in the necks of the pole-pieces — or 
rather, of one pole-piece, as at S, Fig. 148, so as to enable it 
to carry both the main and cross-inductions. In Fig. 129, it 
may be assumed that the pole- pieces are not thus wanting in 
dimensions, and that, therefore, there will be no choking or 
throttling of cross-induction in the neck, and so no asymmetry ; 
and the weakness of field in that case will be attributable to a 
deficiency of exciting power in the coils of the field magnets. 

At the commencement of this chapter we alluded to an 
asymmetry of field that might be caased by the throttling of 
the main-induction itself in the necks of the pole-pieces. We 
thus find an example of this in Fig. 150. For, as previously 
pointed out, the sections here &t ww and v v are less than half 
'that at 1 1, and consequently are unable to pass the full number 
of induction lines — that is, half the total number — to the 
lower portion of the field. 



an 



Now, it IB assumed in this caae thnt there is no deficienoj of 
strength, at least in the upper half of the field, and that, 
therefore, there ia no falling away of main induction nnder the 
horn E, as in the foregoing cases. But, inasmuch aa the lower 
part is weak, the lino x x will cease to represent the centre 
plane of the magnetic lines of the field ; and this plane will now 
be higher up, as shown at x' x'. The tendency of the field will 
consequently be for the pole-pieces to induce poles on the 
armature which shall both be on the line x x, south on tba 
right and north on the left, as indicated by e' and n' ; and a 
resultant polarity will eventuate between n and a at N, and 
between s and s at S. 

We thus find again, in the instance of the Gramme ring here 
depicted, that yy becomes deflected through the centre at a; 
and that, owing to the induction path through the upper part 
of the armature becoming much shorter than that through the 
lower part, the magnetic resistance of the upper will be much 
less than tbat of the lower path, and consequently, as shown, 
the induction lines through the armature will be more dense 
above than below. 

Moreover, as there is no absence of induction under the 
horn E, we note that the core will commence parting with lines, 
and the coils will commence excluding lines, on their arrival at 
this point. Hence we may assume the upper K, K plane to be 
where indicated by the line K a ; and the upper brush, being 
given that amount of lead, will not spark. 

Having regard now to the horn H, this is normally v 
owing to insufScienoy of main induction. It may thu 
assumed to be counteracted by the self-excited n pole of thSt'M 
armature. There will, consequently, be a falling away of ii 
duction for some degrees above tf, and lines may not commenoo 1 
entering the core from N till about where shown 
diagram. Thus the lower R R plane will come at or aboat-'l 
a E' ; and the lovrer brash, as in the other cases of asymmetry^ 
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already discussed, will require more lead than the upper brush ; 
and though the upper may not spark, the lower brush will 
spark persistently. 

We thus discover how an asymmetrical field may be pro- 
duced by the throttling of the main induction. The cause 
now described may, of course, operate simultaneously with 
that previously discussed. It is to be noted, however, as already 
remarked, that all asymmetry such as we have so far touched 
on, can be prevented in single horseshoe magnets, by simply 
making the pole-pieces of sufficient section in the necks to 
carry all the induction. 

Before closing this chapter some remarks may be added 
concerning the cross-induction with double-ended magnets, as 
shown Fig. 147 ; for the conditions here are not quite the same 
as with the single horseshoe magnets we have usually assumed. 
Fig. 151 is thus a reproduction of part of the latter diagram, 
showing the field and armature only. The lines abc and a' b' c' 
indicate the two main inductions, one from each horseshoe, 
and the circuits defg and hijk represent the cross-induction. 

It will now be observed, in the first instance, that there is no 
normal flow of main induction through the necks at N and S| 
and that, further, the necks are of appreciable thickness. 
Consequently, both cross-inductions have an unimpeded course, 
and they will both be able to exercise their full effect in 
diverting the main-inductions, and so in distorting the field; 
though, being the same on both sides, they will not produce 
any asymmetry. For by a process somewhat analogous to 
what on a previous page, when discussing electric currents, we 
termed asdmilation^ it will be evident that the a! 1/ e flow, 
being opposed in the horn E by the dtfg induction, will 
become diverted^ and will flow in the dtfg circuit. In like 
manner, some of the ahc main induction will become assimi- 
lated in the hijlc circuit. It will, however, be of coarse 
understood that this view of the subject is only permissible 
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williin the limitB of the extent to which magnetic flow mt 

rej^^rtled as a current. Outside these limits it will be i 

that there will be aa escape of free Diagnetism at the horns S 

and H, where the inductiouB are opposed, and these latti 

homs will be weakened, while the honm F and G, 

to the confluence of the inductiooa through them, will be ' 

strengthened. 
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Ftti. 151. — ^I'our- magnet Fielil, with CVoii-induotiuii, 

But we may now consider Fig, 153. Here the neoks at 81 
and N have been reduced, the effect of which is to impsdal 
the flow of cross- induction, A alight flow of that reaction may J 
take place, but this may be disregarded. All arm 
reactiouB, however, are not eliminated. For a result of the] 
Buppressiou of the cross-induction per se, is that this induction I 
on either side is now, as it were, divided into two smallaj 
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obliqtte-indnotionBf as indicated by the circuits def; and 
whereas the line x x represented the equator of the polarities 
of the cro«»-inductions, we now find that the two inclined 
lines sf x* and mf atT will represent the equators of the polarities 
of these smaller o^Zt^^-inductions ; and the latter will, in faot, 
be the outcome of the armature coils that are in the planes 
quite or about parallel respectively with x' oS and a^ jT. 




Fig. 152. — Four-magnet Field, with 06%wc-induction, 



Inspection will noW make it evident that at all the points e t 
there is opposition of flow, and dXdd confluence of the main 
and oblique-inductions. Hence the ultimate flow will be denser 
than normal towards the points d d, and less dense towards e e ; 
and at these latter regions free magnetism will escape. It 
^iU be observed that the horns E and H are weakened; and 
F and G strengthened, as in the last diagram. But, inasmuch 
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u the induction in any one of ihcse small oblique circuitB i> i 

the outcome of a smaller number of armature coils than would 
be the caae with the croas-induction proper, an oblique- induction 
will not be able to exercise auch an effect in diverting tbe main 
flow as the cross -iiiductiou would be able to exercise. Hence 
we find that the horns E and H in Fig. 162 will not be so 
weakened, nor tbe homa K and G ao strengthened, as in the caae 
represented. Fig. 151 ; and, other things being equal, the 
distortion will also be lessened, so that not so much lead will 
be required for the brushes to attain abae 



These later reuuu-lu arc BugKciCeil liy the diaeuBBious on Papers rod I 
e tita loBtitutiou uf KlecUiiail Eughieant by Mr. W. B. Esaon and { 
Mr. Jaa. Swinbume, bj tbe Uat of which reference was made in As 
fool-nole on page 343. See The Eleetrieian, Vol. SXIV,, pp. 526-5Z7, 
and more especiiJIy obwj'vatiouij made b; Prof. Geurge Furbea. 

Ou the Hubjevt of obviatiug armature resctiniia, attention may ba called 
to oil abfltraut from an Article or Paper by Mi'. J, Kiiicher-Iiuiiieii m ~ 
Xatrieum for Hnj 26, 1893, gip, 104 In 107. la a diagram acoompanying I 




this article, a, methuJ i>l' uuimteiactiog tbe flow uf urDsu-iDductiou in 
necks of the pole-pieeos is illustrated. By means of amiUl ooila Borrounding J 
the necks, a. counterSow uf inductioo is set up wblcb baulks that oj 
eross-induction. Thus the dintortion of tlie field ia minimised ; and l(ttl(' I 
lead is reijuued fur tbe brushes, which may cousequeatly rest neur^ a 
quite iu the plane of maximum li.M.P, without sparking. 



CHAPTER XXVL 



SPARKING AT COxMMUTATORS.— ARMATURE 

DEFECTS. 

Wb may now proceed to the consideration of further sources of 
sparking at the brushes on a commutator, differing materially 
from those hitherto discussed. These, though still inherent 
to the machine, are yet scarcely to be included within the 
general scope and meaning of the term " armature reactions." 
For any errors under the latter heading, and trouble there- 
from, are to be understood more especially as questions of cal- 
culation and design having reference to the machine as a 
whole ; whereas, the sources of sparking we now propose to 
inquire into are more of the nature of purely mechanical 
defects, and are such as will occur in the armature only. Yet, 
even of these also, though many may arise in the workshop, 
others may have their origin in a defective design. 

Now the faulty field, it will have been noted, whether too 
weak, or asymmetrical, or both, did yet not cause any oscillation, 
or lively swinging to and fro, of the normally fixed planes. We 
found the planes bent or deflected through the axis of rotation, 
or unduly inclined. But these effects were permanent and 
stationary ; and the planes once fixed had no further normal 
movement. This, however, will not apply to the cases we are 

now about to investigate. For a fault of a local and mechanical 
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nature in a revoWing armature will be ever changini; iu its 
effects within the normally Btatiou&ry field. Suoh a fault, thus, 
at Bome iuBtants may have no effect, and at other instants be 
upsetting the whole circuit inside and outaide the machine. 
A result will be that oacilktiona of the normally fixed planes, 
or couBtantly changing deflection at the aiis, will he ever 
recurring. Movements of this kind, moreover, may he steady 
and continuous, as the armature rotates ; or they may be sharp 
and intermittent. 

Setting aaide the giving way of insulation — for thia would 
be equivalent to a abort circuit, or an " earth," discussed 
iu a previous Chapter (XXII.) — we find these faults are 
divisible under two main heads, viz., att/mmetrical winding, 
and defective Joints. 

To commence with the former, asymmetry, or a want of 
symmetry, may be produced in various ways. Ediaon'a and 
Siemens' earlier methods of winding — the fonner illustrated 
Figs. 14 to 16 — are examples in which symmetry was want- 
ing, owing to the sectioua differing from one another in total 
all-round length. Where there are more than one layer of con- 
ductors along the core, either inaide or outside in the case of a 
Gramme, conductors that should lie nest the core may be in 
the outer layer, and vice versd. Thus the total area encloaed 
by some of the coils will differ from that enclosed by others ; 
and 80 they will generate more E.M.F. if larger, and less if 
smaller. A long coil or section will also offer more resistance 
than a short one. But the upshot may be that one-halt of the 
winding would be generating a different output to the other 
half. Although the necessity for symmetry is well under- 
stood by manufacturers, it will, nevertheless, he of educational 
interest briefly to consider the results of its absence. 

Figs. 153, 154 and 135 herewith, represent an armature, 
which may be either drum or (irarame wound, but of which one 
half, a, generates leas E.M.F, and current than the other half, 6. 



As regards the drum, the two halves of the winding (as shown 
Fig. ]) being intermixed, the sketches must be taken as dia- 
grammatic. Now iu Fig. ll>3, where the weak and the strong 
half are both bisected bj a straight line between the bruah points 
M shown, the self-eicited poles of the armature will also come 
on this line, as indicated hj the letters n and s. AsBuming % 
nonuaJlj symmetrical field, the horns E and H, being equally 
opposed by the armature poles, vill be equally reduced, and 
the R R plane may be repreaented by the line through « and i 
' -eontinued, and the distortion of the field will be represented 
by the kiclination of the Une i/y to xx. 

But with a quarter revolution we find a condition of things 
u illustrated Fig. 151, The ampere turns of the half a being 
weaker than those of b, the polarity of the latter is the more 
powerful, it still being understood that this refers to the lelf- 
txcited polarity of the armature only. A one-sided polarity 
thus results, as indicated. The horn E, not being so directly 
Opposed by a, is not sufficiently reduced, so that the short- 
circuited ooil or coils passing it develop too much current, and 
back sparking takes place. On the other hand, the horn H is 
opposed by « abiiormaliy, and is, therefore, reduced too greatly, 
so that the short-circuited coils cannot generate enough current. 
Hence for ward -a parking ensues. In other words, the R R plans 
is deflected for the moment into the position R' H'. Further, 
we may note that as n is abnormally near S, a>nd s abaormally 
removed from N, N and S both drop, and y y is thus deflected — ■ 
that U, the field is distorted asymmetrically. Fig. 155 is » 
half revolution ahead of Fig. 151, and will be observed to show 
reverse results. It will thus be seen that as the armature 
rotates, the 11 R plane oscillates with each revolution between 
the two deflected positions R' U' and II" E", with consequent 
sparking ; and it may be further observed that the rule that 
the self-excited polarity of the armature must follow the 
brushes exactly is here departed from, inasmuch as that rula , 
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depended on the armature being wound with perfect symmetry. 
The Ttiean self-excited polarity will, of course, follow the brushes ^ 
and the oscillations will thus take place about this mean. 

The above, however, constitutes what may be termed a mean, 
or resultant, effect of asymmetry in armature winding. Re- 
garded more in detail, it is to be observed that any particular 
ooils that may be larger or smaller than a normal size,- will 
generate respectively too much or too little E.M.F when short- 
circuited by the brush, and so will contain too much or too 
little skort-ciTcmt current. Consequently, in the former case, 
there will be back- sparking, and in the latter case forward- 
sparking {see Chapter XX.), the latter possibly being what we 
have termed "shunt sparking." 

But a point to be noted is, that the asymmetry may be con- 
fined entirely to the end- winding, each coil being practically 
symmetrical within the field, and generating the same E.M.F. ; 
and this view of the subject may be regarded as probably of 
more importance than the foregoing. For an asymmetrical end- 
winding, by preventing all the coils or sections from being of 
the same total length, will cause their resistances corres- 
pondingly to vary. Hence, the E.M.F. not changing, the 
short coils or sections, when short-circuited, will have generated 
within them a larger current than the long coils or sections — 
it being borne in mind that with the very small E.M.F., a very 
slight variation of resistance will considerably afifect the quan- 
tity of short-circuit current. So there will again be alternate 
back- and forward-sparking at the brushes. 

Our attention, however, may now be directed- to that other 
source of sparking of a mechanical nature to which we have 
alladed. We refer to defective joints in the armature winding. 
This trouble is, of course, especially peculiar to heavy windingfs 
of which the coils are constructed of stiff bar or strip, requiring 
tQ be riveted, soldered, or otherwise jointed together, as de* 
scribed in our earlier chapters. A joint improperly effected 
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through the parta not being thoroughly dean and bright, or 
the Bolder not fulfilling ita purpose, or from any other cause, 
will offer resistance to the flow of current. 

For convenience of reference, such faults due to detective 
jointe may be divided under four heads. These are repre- 
sented by the letters w, x, y, and s, in the annexed diagrama, 
Figa, 156 and 157, of which it will be observed that the format 
shows one complete heavy bar drum coil, and the latter a wire 
Gramme coil, with a wire drom ooil dotted, while in both the 
commutator segment is added. A fault v>, as will be noted, 
affects the flow of current into or out of one particular segment 
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only. With regard to fault x, inasmuch as the bar ab apper- 
tains to two adjacent coils (see Fig. 1), this fault will affect tlie 
flow of current between the segment and otk of these coils, of 
which the commencemeot is shown at c. The arrows indioate 
the current flow, assuming the segment to be under the 
positive brush. It is thus to be discerned that a fault x may 
impede the whole flow into the segment of one half of the 
armature current, such as we have denoted by c in the 
diagrams in Chapter XX., and yet permit a free flow of 
Gurrent from the half of the armature similarly denoted fay 
the letter d; while, in any case, even when tliat particular 
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segment is not under the brush, such a fault will impede the 
flow of current from ooil to coil within the winding. Faults y y 
retard the flow of current within the winding, thus having the 
latter eflect of fault %, One such fault x or y, however, it is 
to be noted, can only aflect ont half of the winding and current 
at a time, and thus, as the armature rotates, will aflect the flow 
on either side alternately. A fault z combines with all the 
above the additional eflect that, when in series with the brushi 
like faults w or Xy it may check the flow of current to or from 
hoik halves of the armature, that is, the whole flow of the main 
current. 
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Fig. 157. — Diagram of Gramme or Drum Armature Wire Coil, indicating 

possible Faulty Joint. 

Now any such retardation of current as above mentioned is 
CO be regarded in two aspects. First, the effects in relation to 
the main current ; and secondly, the results in relation to the 
short-circuit currents, as in the coils h and / in the diagrams in 
Chapters XVII. to XX. The latter results >fre shall dis- 
cover to be of the greater consequence, as a matter of fact, in 
reference to sparking. For as regards the main current, it is 
to be noted that any of these faults taking eflect will be in 
series with the outer circuit with all its resistance. Thus the 
actual resistance of a fault may be so small, that when added 
4)0 the total resistance of the inner and outer circuit, its 
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addition thereto may be ne&rtj or quite inappreciable ua 
regards anj results produced. Vet the effect on the short- 
circuit currentB may be considerable. In bo far, however, aa 
tb* main current may be affeuted, that is, reduced in quantity, 
this would cause^one side of the armature to have fewer ampere 
turns than the (other side, and so produce a distorted polarity 
u expliiined in connection vith Figs. 153 to 155, vitb ood- 
aequent sparking. 

It ie uudoubl«dly, however, the effects on the short-cuTJuit 
ourreiits that are of the greater importance. For a fault too 
weak to materially reduce the main current may, nevertheless, 
almost eliminate the short-circuit current. Thus, suppose the 
total resistance) of a circuit, inside and outside, to be 3 ohms, 
while the resistance of one single armature coil is only '0006 
ohm, it is evident that a faulty joint in such a coil offering, say, 
■006 ohm resistance, would only increase the total resistance to 
3-00(J : butHt would increase the total resistance of the par- 
ticular coil to '00G6, or eleven times greater than normal. 
Hence, aasumiug a normal main current of 44 amperes, when 
the brush would be at the normal non-sparking position, each 
time this coil was short-circuited — taking the position lettered 
b, that is, in the diagrams in Chapters XVII. to XS. — it 
would be carrying only the devenih part of the short-circuit 
current necessary for a aparkless recessiou of its segment from 
the brush, or only 4 amperes instead of 44, thus leaving a current 
of 40 amperes to be broken, with consequent forward sparking. 
The necessity, therefore, for extreme care in making the joints 
in a coil so that all the coils shall have a similar total resbt< 
ance — or, better still, the advisability of avoiding joints as 
much as possible — is thus the more obvious if sparklesa running 
is to be attained. 

An additional argument is, of course, to be found here foi 
the use of carbon brushes. For these, as was explained in 
Chapter XXI., are but little affected by the short-circuit 
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currents; and, consequently, a defective joint that might cause 
a metal brush to spark in the manner above indicated would 
produce no such effect with a carbon brush. 

Some further causes of sparking which may now be appended 
are of a more general nature. Thus any source of vibration 
in running a machine, such as a clumsy joint in the^belt, com- 
bined with too light a shaft, or insufficiently rigid bolting 
down, may cause a slight jumping of the brushes, with spark- 
ing as a consequence. A further tightening of the brushes 
will increase the wear of both them and the commutator seg- 
ments. The segments, moreover, may wear unevenly, one or 
more of them perhaps becoming burnt by periodical sparking 
(such as by a bad joint above discussed), which will then cause 
the brushes to jump, and so to spark yet more. It is especially 
important that all the brush gear should be strongly con- 
structed, so as to hold the brushes firmly, and not to spring. 
With a field symmetrical as is usual, sparking may be caused 
by the brush points not being diametrically opposite each 
other, so that they cannot both be in the non-sparking plane 
at once, and one brush may spark and not the other. Trouble 
may also arise from the commutator not being kept clean 
and free from oil and grit. Vibration^ such as may lead to 
sparking, may ensue from the armature being out of balance. 
But a further source of trouble in this direction has been 
found in the use of cast metal segments, instead of rolled 
metal. This has reference, however, more especially to tram- 
car motors, wherewith, on account of the jolting, it is necessary 
to keep the brush springs somewhat tight. The frictional wear 
is thus great; and it would appear that, owing to the cast 
segments not being so homogeneous, or so uniform in their 
hardness and quality, as rolled segments, they do not wear ao 
evenly. Hence, with the cast segments, at least under the cir* . 
cumstances indicated, the commutator much sooner gets out Of 
truth, causing the brushes to jump, with consequent sparking. ^ 
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CHAPTER XXVII. 



THE TAPER OF COMMUTATOR SEGMENTS. 

A CLOSING chapter maj here be added, having reference onc& 
more to the construction of commutators, more especially to 
the formation of the segments to a correct taper, so that 
accuracy of fit may be ensured. 

When the segments or bars for a commutator are cast, 
instead of being rolled, they require to be machined or filed on 
their sides before being put together. To secure accuracy in 
this operation, it is necessary that the parts be worked up to a 
gauge. In this manner the requisite exactness in both thick- 
ness and taper may be obtained. When, on the other hand, 
drawn copper is used, it is equally necessary to specify the 
exact taper in ordering, and generally to send a gauge, sample, 
or template to the manufacturer. 

A very useful and simple gauge or tool has been designed 
for this purpose by Mr. A. P. Trotter, and was adopted in 188& 
by Messrs. Goolden and Trotter. This instrument is illustrated 
on a reduced scale, in Figs. 158 and 159 herewith. There are 
two ways of stating the taper for a commutator segment or 
strip. One is to give the angle between the sloping sides, and 
the other is to describe the slope of one side in relation to the 
other side as a gradient of " one in so many." As a circle is 
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divided iuto 360 degrees, tbe angle for a segment is, of course, 
arrived at by simplj dividing the 360 by the number of 
eegmenta, or " parts." Thus the angle of a strip for a 
" 40-part " commutator will be 360/40 = 9dega. But it must 
be noted that this assumes the parts put together ioithovt 
tlur iniiulatifm. This point requires attention. It has to be 
borne in mind that the mica or other insulation between the 
segments does not taper, but is of even thickneas. Fig. IGO 
shonshow all tbe strips of a commutator are made to fit in tbe 
first instanoe, minus the insulation ; while Fig. 161 shows the 
same parts put together with the insulation. This latter at 
once increases the diameter ; and it should be noted further, 
in this latter case, that the sides of the sections, if continued 




inwards, do not meet at tbe centre. Here, in fact, is demon- 
strated how great an effect on the ultimate diameter the insu- , 
lation may have, especially when there are a large number of I 
segments, and a high voltage requiring the iusulation to be J 
thick. In designing a. commutator, it may be observed that 

where r is the inside radius of the commutator when put 

r without tbe mica, R the inside radius of the complete 

commutator, n the number of segments, and d the thickness of 

the mica or other insulation. 

The principle of the gauge under discussion is t 
diagram Fig. 162. The hatched portion represents the sectit 
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of a commutator segment. In trigonometrical language, the 
line b c represents the " cotangent " of the angle cay, other- 
wise denoted by the letter 0, which is the angle of the strip. 
The radius a 6 is unity. It will thus be. observed that the 
taper of the section may be expressed in terms of the gradient 
of the line a e, as compared with the horizontal line x y, 
obviously to be determined by the number of times a h will 
'^ go into " h e. Assuming a 40-part commutator, when B will 
be 9**, and making use of a table of natural sines, we find the 
numerical value of the cotangent 6 e for the angle ^=9*, to be 





Fig. 16a 



Fio. 16]« 



6*3138. The line a h being unity, the gradient of a c will 
thus be 1 in 6'3138, which may be given as the taper of the 
segment. 

It so happens, that fcnr any number of segments in a com- 
mutator, from about 40 up to 160 or 180, if the number 
of segments be divided by the corretp>nding numerical co- 
tangent of the angle of one of them, a constant, 6 '3, is arrived 
at when not exceeding one place in the decimals. This is, 
therefore, usefol, since by simply dividing the number of 
segments by this constant, we arrive at the tai>er in term^ vf a 
gradient. 



872 
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Referring again to Fig. 162, it will be observed that the 
toiatiffleB ahc and acy are similar; and ey = <ih, and ay 
^be. It ia also obvious that if we akorten the parallelogram 
« & c y bj moving e ;/ nearer to a b, we aball open the angle 6 ; 
and vice versi. Conversely, if the angle be opened 6 e wilt 
become shorter, and if be closed b e will lengthen. Thus for 
ft large number of aegnients, and consequently a small angle 
$,bc and a y will be much longer than with a small number 
of aegmenta and consequent large angle. Now o 6 being unity, 
80 also is (■ y. The distance of c y from a h — that is, the length 
of the cotangent b c — may be calculated for every feasible 
Dumber of segments in a commutator in the manner stated 




above that is, by dividing the number of aegmenta ia 

each case by the constant 6'3. This being done, the 
various points where cy will stand on ay, in accordance with 
the number of segments and consequent size of angle 6, may 
be marked on a y, and the corresponding number of aegmenta 
figured on also. A scale will thus be formed on a y. Sub- 
sequently, in order to fis a c at the proper slope for any number 
of aegmenta, it will be merely necessary to make cy stand 
perpendicularly on the majk on the scale having that number. 
It ia in this manner that the scale on the gauge under dia- 
coaaion is formed, with a standard unit {corresponding to 
Fig. 162), of one inch. Hence, to use the tool, a flat standard 
inch gauge, held perpendicular to the edge of the ' scale, i* 
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placed between the jaws exactly at the mark denoting the 
number of segments. This sets the gauge open at the required 
angle or taper. In giving instructions, the distance of the inner 
edge of the segment from the centre (a, Fig. 162) may also be 
given ; though this must be the small radius with the insula- 
tion absent) as shown and explained in connection with Fig. 160. 
Thus the taper and thickness of the segment are both stated. 
The gauge, after having been set, is fixed by the fly-nut and 
cross arm, as shown in the illustration. 
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ELECTROMAGNETIC THEORY. 



VOL. I. 

By OLIVER HEAVISIDE. 



This work was originally meant to be a continuation of the series " Electromagnetic Induction 
and its Propagation," published in The Electrician in 1885-6-7, but left unfinished. Owing, how- 
ever, to the necessity of much introductory repetition, this plan was at once found to be impractic- 
able, ami was, by request, greatly modified. The result is something approaching a connected 
treatise on electrical theory, though without the strict formality usually associated with a treats*. 
The following are some of the lea<ling points in this volume. The first chapter is introductory. Tta 
second consists of an outline scheme of the fundamentals of electromagnetic theory from the Faraday- 
Maxwell point of view, with some small modifications and extensions upon Maxwell's equadoDi. 
The third chapter is devoted to vector algebra and analysis, in the form used by me in my fomw 
pai>er8. The fourth chapter is devoted to the theory of plane electromagnetic waves, and, being mainly 
descriptive, may ]>erhaps Ije read with profit by many who are unable to tackle the mathematics 
theory comprehensively. It may be also useful to have results of mathematical reasoning expanded 
into ordinary language f(jr the benefit of mathematicians themselves, who are sometimes too apt to 
work out results without a sufficient statement of their meaning and effect. But it is only intrO" 
ductory to plane waves. I have included in the present volume the application of the theory (tn 
duplex form) to straight wires, and also an account of the effects of self-induction and leaka^ 
which are of some significance in present practice as well as in possible future developments. Hhtxt^ 
liave been some very (lueer views promulgated officially in this country concerning the speed of th* 
current, the imi)otence of self-in<luction, and other material points concerned. 

Vol. II. is in preparation. 

8ECOND I88UE. 370 pages, 150 illustrations. Price lOs. 6d., post free. 

MAGNETIC INDUCTION IN IRON AND OTHER METALS. 

By J. A. EWING, M.A., B.Sc, 

Professor of Mechanism and AjypUed Mechanics in the University of Cambridge, 

SYNOPSIS "OF^'CONTENTS. 

After an introductory chapter, which attempts to explain the fundamental ideas and the 
terminology, an account is given of the methods which are usually employed to measure the 
magnetic (juality of metals. Examples are then quoted, showing the results of such measarementfl 
for various si>ecimensof iron, steel, nickel and cobalt. A chapter on Magnetic Hysteresis follow?, 
and then the distinctive features of induction by very weak and by very strong magnetic forces 
are separately described, with further description of experimental methods, and with additional 
numerical results. The influence of Temperature and the influence of Stress are next discussed. 
The conception of the Magnetic Circuit is then explained, and some account is given of experi- 
ments which are best elucidated by making use of this essentially modem method of treatment. 
The book concludes with a chapter on the Molecular Theory of Magnetic Induction, and the 
opportunity is taken to refer to a number of miscellaneous experimental facts on which the 
molecular theory has an evident bearing. 

"Prof. Ewing is such a great and well-known authority on Magnetic Induction that it is only necessary to 
call uttention to this second issue of his valuable work to insure its being in the hands of all who require 
information upon this important a\ih]cct."—J*hilosophical Magazine. 

" Besides being practically the only book dealing with the subject of magnetic induction, this work coDBiden 

the whole subject very exhaustively, both from theoretical and practical points of view The large number 

of graphic representations illustrating the various phenomena of magnetic induction are of great value. . . 
We can recommend the book as being of considerable importance."— ^i^cfricoZ Review. 

" III this book Prof. Ewing has placed before his readers an accurate record of the more recent and important 
work done in ma^'netism. The book as a whole presents the best resume of this subject extant." 

Electrical Engineer (New York). 

"This is one of the most important books that has appeared, and coming from an author of such an 
established reputation it will be looked upon as an undoubted authority upon the important subject of wmcn 
tt treats. Xo man is better fitted for the task of discussing these questions than Prof. Ewing." 

Electrical World (New York). 

A German Edition is also published, price 8s. 6d. 

\, 2, and 3, Salisbury Court ' eet, London, E.G. 
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Now. Ready. Very fxdly illustrated f handsomely hound, on good paj:er, price 7s. 6d. 

ELECTRIC LAMPS AND ELECTRIC LIGHTING 

Being a Course of. Four Lectures delivered at the Royal Institution, April-May., 1894, 

By Prof. J. A. FLEMING, M.A., D.Sc, F.R.S., M.ll.L, 

Professor of Electrical Enginecriiv/ In University College, Londoti. 



SYNOPSIS OF CONTENTS. 

L — A Retrospect of Twelve Years— Factors in the Development of Electric lUuminalion— The Historical 
Starting Point— Davy's Besearches on the Electric Arc-The Evolution of Inoandescent Electric LiKhting- 
Definition of Fundamental Terms— Units of Measurement of Current, Pressure, Work, and rower— Board of 
trade Units— Conditions of Public Supply under Acts of Parliament— The Ileachig Effect of an Electric Ciirrent 
—Joule's Law— Experimental Proofs -Sadiation from Incandescent Bodies— Temperature of Radient Bodies— 
Borftce Efficiency and Speciflc Radient Qualities of Various Materials— Peculiar Properties of Carbon— Brlght- 
M8I €(t Various Lights— Methods of Photometric Comparison— Standards of Light— Sun, Moon, Electric Arc, 
Incandescent Lamp as Illuminants— Quality and Intensity of Light— Luminosity and Candle-powtir— The 
fhydolosical Question of Vision. 

IL— The Physics of an Incandescent Lamp— Characteristic Curves— Relation of Candle-power to Current 
ud Pressure— Effects of Position on Candle-powar— Age of Incandescent I/amps— Lamp Mortality— Causes of 
it-nJodfcioiiB and Injudicious Arrangement of Lamps— Sockets— Switches— Fuses— Decorative Employment of 
Iseandeaoent Lamp»— House Wiring— Fire Office Rules— Good and Bad Work— Causes of Destruction of the 
Gacbon Filament —Molecular Physics of the Glow Limp— Edison Effect— Large Incandescent Lamps— Electric 
Xetns— Methods of Testing and Comparing Glow Limps— Advantageous Utilisation of Current. 

nL— The Electric Arc Lamp— Method of Production of the Arc— Study of the Arc by Projection— Laws of 
SieElectric Arc— The Convection of Carbon in the Arc— The Crater— The Distribution of Electric Pressure in 
tiM Arc — Arc Lamp Mechanism — Recent Improvements— Distribution of Light from the Arc— Luminous- 
efficiency of the Arc — Comparison with Incandescent Lamps— Street and Interior Arc Lighting- Proper Distri- 
botion of Light— Arc Light Photometry— The Alternating and Continuous Arc— The Inverted Arc— The Use of 
Uie Arc in Metallurgy— Electrical Redu.2tion of Metals by the Arc— Tempcrjiturd of Arc Light Crater— The 
Solar Temperature. 

IV.— The Production of Current for Electric Lighting— Generating Stations— Systems of Supply— Low 
Flttsnre Continuous and High Pressure Alternating— Structure of a Dynamo and Trannformer- Views of 
Otnerating Stittons at Home and Abroad— Underground Conducting Mains— Networks of Conductors— House 
Serrices — Long Distance Transmission — Electric Lighting of Rome— Tivoli- Rome Transmission- -Utiliiatiun of 
Water-power— Load Diagrams of Stations— Supply of Curi-ents for Purposes other than Light. 



" Treats the whole subject with the lucidity for which Prof. Fleming's expositions are remarkable, and in- 
^AAgoage which has been, as far as possible, divested of technicalities. . . . Those who may contemplate 
tte electric lighting of their houses will find in the book many valuable hints and practical suggestion?."— 7n/i<'«. 

"Prof. Fleming possesses the rare gift of being able to interest almost any audience in his subject. . . . 
^e work under notice consists of a tntnscript of four lectures delivered at the Royal Institution, and though 
^Qch of the charm which the lecturer was able to throw round the subject is now absent, still enough remains 
fo render a pemral of these pages a recreation rather than a study. . . . Besides supplying the non-technical 
todent with such information as he is sally in need of, he has given to the serious student the best account 
*^hieh we have yet seen of th j physical properties of arc and glow lamps. . . . The volume contains some 
^ pages of large type, and is well illustrated throughout. It is the only one we have ever seen that we can 
thoroughly recommend to the non-technical reader. On the other hand, for the electrical student we cannot too 
^reibly recommend a careful study of the second and third lectures."— /)»)7.v Chronicle. 

*' We have no hesitation in recommending all who may be interested in the subject to buy a copy of Prof, 
^eming^s book, which is well worth the price asked for it ; being fresh as regards matter, and abundantly 
Provided with illustrations which are more or less original. ... As we commenced this article by stating, 
h» book is worth buying for a guide to a fair general knowledge of the principles which underlie the industrial 
ises of electricity. We can also compliment the publishers upon the way in which the volume is turned out." — 
Journal of Oas Lighting. 

" When one com:s across a reprint of a series of afternoon Royal Irstitution lectures he expects an elemen- 
tary book, with its contents strung t-gether to connect a lot of experiments that the author was anxious to show 
o an audience already jaded with a variety of subjects no one human brain could take in. Dr. Fleming has 
^ren us nothing of this sort, but a concise account of incandescent and arc lamps, followed by a short sketch of 
dectric lighting generally. It is by no means a mere popular book, however, and few electricians, no matter 
low well up In their subject, will find they can afford to pass it by. . . . The binding, printin;;, and general 
;et up is admirable."— J.S. in The Electrician. 

'* Dr. Fleming is known for his hifth abilities in setting forth scientific facts in a popular lecture in clear and 
aoBt attractive language, and anyone familiar with the elements of physical science will read the buok with 
^eat pleasure and derive much sound iuatruction. . . . The book is very handsomely got up, and would 
aake an exceedingly suitable presentation volume to anyone interested in, and who already knows at least a 
ittle of, the Bubiect. "—Glasjow Herald. 
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THE ALTERNATE CURRENT TRANSFORMER 

IN THEORY AND PRACTICE. 

By J. A. FLE.MING, M.A., D.Sc, F.E.S., M.R.L, &c„ 

Professor of Electrical Engineering in University College^ London, 



YOL. I.— THE INDUCTION OF ELECTRIC CURRENTS. 

SYNOPSIS OF CONTENTS. 
CHAPTER I.— Introductory. 

Faraday's Electrical Researches -Early Experiments on Current Induction — Eloctro-Dynamio 
Induction-— First Induction Coil — Electro-Magnetic Induction — Lines of Force— Methods ol 
Ampere, Arago, and Faraday — Physical Nature of Lines of Magnetic Force. 

CHAPTER II.— Electro-Magnetic Induction. 

Magnetic Force and Magnetic Induction— Tubes of Magnetic Induction — Bate of Change of 
Magnetic Induction through a Circuit — Inductance — Electromotive Force of Induction — Eleotao- 
Magnetic Momentum — Electro-Magnetic Energy — Dimensions of the Co-efficient of Self-induction 
or Inductance— Unit of Self-induction or Inductance — Constant and Variable Inductance— Curvw, 
of Magneti.^ation— Graphical Representation of Variation of Co-efficient of Induction — Magnetic 
Hysteresis. 

CHAPTER III.— The Theory of Simple Periodic Currents. 

Variable and Steady Flow— Current Curves — Simple and Complex Harmonic Motion- 
Fourier's Theorem— Simple Periodic and Sine Curves — Current Growth in Inductive Circuits—. 
Logarithmic Curves — Geometrical Illustrations — Graphic Representation of Periodic Currents-. 
Mean Value of the Power of a Periodic Current — Power Curves — Experimental Measurement of 
Periodic Current and Electromotive Force — Wattmeter Method of Periodic Power — Mutual 
Induction of Two Circuits of Constant Inductance. 

CHAPTER IV.- Mutual and Self-induction. 

Prof. Joseph Henry's Researches in Electro-Magnetism — Mutual Induction — Elementary 
Theory of the Induction Coil — Comparison of Theory and Experiment — Magnetic Screening and 
the Action of Metallic Masses in Induction Coils — Transmission of Rapidly Intermittent, 
Alternate, or very Brief Currents through Conductors — Effects of Saturation and Magnetic 
Hysteresis— Characteristic Curves of the Series and Parallel Transformer — Efficiency of Trans- 
formers — Femui's Ex))eriment5:. 

CHAPTER v.— Dynamical Theory of Current Induction. 

Electric Displacement — Maxwell's Theory of Molecular Vortices — Velocity of Propagation of 
an Electro-Magn(>tic Disturbance- Electrical Oscillations— Function of the Condenser in an 
Induction Coil— Im})ulsive Discharges— Alternative Paths— Impulsive Impedance — Relation of 
Impedance to Periodicity -Dr. Hertz's Researches on Electrical Oscillatory Induction — Resonance 
Phenomena — Interference Phenomena at Various Distances — Recent Experiments — Poynting'9 
Views on the i'ropagation of Electro-Magnetic Energy' — Possible Direction of Future Research. 



" It wf.uld be very difficult to pick out from amongst the electrical literature of the pa3t ten years any work 
which maibp, as emphatically as does Dr. Fleming's l)ook, the manner in which the practical problems of the day 

have compelled electrical engineers to advance in their knowledge of theoretical science ItisabooK 

which the electrical engineer of the present and of the future alike will read— he of the present, if he caa ; 
he of the future, because he must."— P/o/. Silcanus P. Thompson in " The Electrician." 

" The practical importance and interest of the subject treated is so great that there should be little need to 
urge students and electrical engineers to make themselves acquainted with this book, but I do urge them 
nevertheless ; and they may think it fortunate that Dr. Fleming has managed to find time to issue so instructive 
and readable and well-timed a volume."— Z>/'. Oliver J. Loihre in ^^ Nature." 

*' Dr. Flemings book contains an enormous amount of valuable matter .... which cannot be got anywnefj 
else in the plain and concise way it is given by Dr. Fleming. It is one of those books every electrician shouia 
h&ye."— Electrical Review. 

•'A most important, timely, and valuable book The author has earned the thanks of everyone 

intsrested in this great branch of electrical investigation and practice."— jB^fctrtcai World (New York). ,, 

" If anyone wants this difficult subject treated in the clearest way, he cannot do better than read thli book. 
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III. II.— THE .UTILISATION OF INDUCED CUBREKT8 

SYNOPSIS OF CONTENTS. 
LP. I.— Historical Development of Induction Coil and Transformei 

die Evolution of tlte luductloii Coil — Page's liesearoliea — CkUui's Iniliii;tioD Apparatas- 
feeoa'a Induction Coll — UachhufTnar's Besearohea — Callan's Further Iteseurcliee — Callan' 
3 Induction Coil -Pago's Induction Coil — Abbot's Coil — Automatic Contact Braakers- 
Ta Coils — FoggendorS's Experiments .^ Sl5hrer'B, Hoarder's, Bitcbie'a Induclio 
—Grove's ExperimentB— Appa' Large Induction CoiU — Jftblochkoff'a Patent — Fidler 
.Br— Earlj Pioneers — Gaulard and Gibbs — Zipomon-?kj's TrautfotmerB— Iniproi'cmenl 
Kennedy, Hopkiuaon, Ferranti, and others — The Modem Transformer aiace 1885. 

. *. XL— Diatribution of Electrical Energy by Transformew. 

batailed Deaciipliona of Large Alternate-Current ElectHc Stations nsing Transformeis I 
', Eng^nd, and United States— Ueeeriptiou a of the Sjatems ot ZipevnoMBky-Diri-Blith; 
(jnghonae, Tbom son-Houston, Mordej, Lonne Hall, Fui-ranti. and others— Fians, SeGtioni 
Detftik o[ Central Stations uKjng Transfocniers^lllnstFaLiunB of Aliernators and Transformei 
IB in all the chiel British, Continental, aud American Transformer Stations. 

fLp. UI.— Alternate-Current Electric Stations. 

Baneral Design ot Altemating-CurrBnl Stations, Engines, Djnamoa, Boilera— Propel: Choii 
"ti— Water Power— Parallel Working of Alternators— Underground Coniiuetors— Varioi 
..e — Concentiic Cables — Capacit; Effects dependent on Use ot Coneentric Cables — Pbenomei 
Kjfenanti Tubular Mnina- Safety Devices^Begulation ot Pressure— Choice of Frequenoy- 
^JQiods of Transformer Diatribution — Sub-Stations — Automatic Siritches. 

^SAP. IV. — Tbe Construction and Action of Transformers. 

Transformer Indicator Diagrams —Ryan's Curves — Curves of Current — Electromotiye Fori 
Sfl Induction -Analysis of Tranjfornier Diagrams- Fredctermination ot Eddy Current an 
ivsteresis Lobs in Iron Cores— Calculation and Design of Transformej-s — Practical Predetermini 
of Constants — Fcaetical Construction of Transformecs- Experimental Tests of Transforms: 
iausrement of ERicienc/of Transformers— Calome trie Dynamometer and Wattmeter Methoc 
iadtiction ot Results. 

v.— Further Practical Application of Transformers, 

Bleotriaal Welding and HeatiuB Transformera for producing Large Currents of Low Eleotri 
^re Force — Theory of Electric Welding — Other Practical Applications— Conclusion. 

PXtESB ZTOVXCEiB. 

'la ravjewing the Brst volume of thii work vtt (onnd much lo admire snd praise, mntli to I'^e Iiif 
ptatiaai lot tbe volume wMaIi whs to fullon. Thece cipectBtfout bsve by no uunci beea ititnppalnte 
lew Tolnmetiln nmuv wayi Dleveo greater In t^rent than its predFceMor." 

Pnfeasot SriuBiiHH f. ThBrnjiiiiia in " TIte £2rs(r'(rfe!t," 
'Xfae book li really a inliiBbla addition to technical literature."- /nifutr'n'es. 

tAvalnnblBaddition to the lODiLwhst meagre Illeiatnre on aaubjoct wUobiBBuce to grow lu importmo 
ra eongratnlata Dr. FIcmiug on bla work."— Die J!n<iineci: 

'IiBiiiIH traits par le Dr. VleinlnRest uo da ceux ciul, pour la moment, attlreotl'atteulloa singula ; ■( 
ma ait BectaiaBinent im dos plus Importants de la lltturature ^leclrlque. Tniia lei pr^blimei ralaCili 
inUondesconnuitgaltarBntlfiyianttnlt^iBvecunetctBgTaudecnmp^tencGctdB pins atec qdb elal 

■uMiMMini [in'rltlnn uni flunlnn Nona ue pouvoni dauoqae reooniaunder vivemeut oat ouvrage ii I'attenHi 

• ttnulel^lectrlcleni."— La Lamitrt BlMtriqve. 

" L'ouvrtige de il. Fleming est une isavravrntnieutpratlgiie qui dolt rendre h I'lsdnstrle de grandi lervlc 

ul'Binu de renseignemenli qn'elle eontient."— Ii7?idj«(rie Slistrigjti. 

"IWil'lemlOK'iobBWHrkfUlltBntiDhladenBlnBLiiclifl In der LUecitni aui und kanndiirchatuempfoUi 

ttitB ."—BlrttroteahniieligZelCalhri/r. 
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Jn Two Volumes. ^Frice : stout paper, 28„ post free 2s. 2d. each; strong cloth covers^ 2b. 

post free 2t. 9d. each. Single Primers, 3d., post free S^d. 

"THE ELECTRICIAN" PRIMERS. 

(FULLY ILLUSTRATED.) 
A Series of HelpfUl Primers on Electrical Subjects for the use of Collecest School%| 
and other Educational and Training Institutions, and for Youns Men desirous of | 
entering the Electrical professions. 



Yolume I.— THEORY. 

Primer 

Mo, 

1. The Effects of an Electric 

Current. 

2. Conductors and Insulators. 

3. Olim'sLaw. 

4. Primary Batteries. 

fi. Arrangement of Batteries. 

6. Electrolysis. 

7. Secondary Batteries. 

8. Lines of Force. 

9. Magnets. 

10. Electrical Units. 

11. The Oalvanometer. 

12. Electrical Measuring In- 

struments. 

13. The Wheatstone Bridge. 

14. The Electrometer. 

15. The Induction Coa 

16. Alternating Currents. 

17. The Leyden Jar. 

18. Influence Machines. 

19. Lightning Protectors. 

20. Thermopiles. 



The object of "The Electrician" 
Primers is to briefly describe in sim- 
ple and coriect language the present 
state of electrical knowledge. Each 
Primer is short and complete in itself, 
and is devoted to the elucidation of 
some special point or the description 
of some special application. Theo- 
retical discussion is as far as possible 
avoided, the principal facts being 
stated and made clear by reference 
to the uses to which they have been 
put. Both volumes are suited to 
readers having little previous ac- 
quaintance with the subject. The 
mattei is brought up to date, and 
the illu&trations refer to instruments 
and machinery in actual use at the 
present time. It is hoped that the 
rrimers will be found of use in 
Schools, Colleges, and other Educa- 
tional and Training Establishments, 
where the want of a somewhat 
popularly written work on electricity 
and its industrial applications, pub- 
lished at a popular price, has long 
been felt ; while artisans will find the 
Primers of great service in enabling 
tiiem to obtain clear notions of the 
essential principles underlying the 
apparatus of which they may be 
called upon to take charge. 
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I Volume II.— PR AGTIGBL 

. Primer 

■ No. 

21. The Electric Telegraph. 

22. Automatic and I>uplezTd9!^ 

graphy. 

23. The Lasting and Repair «f J 

Submarine Cables. 

24. Testing Submarine Gables. 

25. The Telephone. j 

26. Dynamos. . 

27. Motors. 

28. Transformers. 
( 29. The Arc Lamp. 

30. The Incandescent Lamp. 

31. Underground Mains. < 

32. Electric Meters. 

33. Electric Light Safety D»* 
vices. 

34. Systems of Electric JUiMr 
bution. 

35. Electric Transmission tf 
Energry. 

36. Electric Traction. 

37. Electro-Deposition. 

38. Electric Welding. 



"The articles are generally so well written, and the subject matter so judiciously condensed, that there is 
but very little to criticise, though much to j^r&ihe."— Electrical Review. 

" The books are well printed, and we can heartily commend them as stepping stones to more advanced 
workM."— Electrical Plant. 

'• Clearly written, and all that can be desired in the form of enunciation and explanation."— For*. 

" The contents of each one of these volumes is of that quality and description wLich at once constitute a book 
a welcome addition to the library of the student or of the &TU&&n."—Am<iteur Work 

"These Primers are admirably adapted for teaching purposes ; they are calculated to be exceedingly uaefnl 
In connection with the preparation of object lessons ; they are very suitable for presents to boys of a mecbanical 
turn, and they might well And a place in school MbT&ries."— School Board Chrowcle. 



Issued anmmlly, price 3s., post free. 

A DIGEST OF THE LAW OF ELECTRIC LIGHTING, 

( Revised to January in each year.) 

By A. C. CUKTIS-HAYWAED, B.A., M.I.E.E. 

An abstract of the Electric Lighting Acts, 1882 and 1889, and of the vaiious documents emanating from the 
Board of Trade dealing with electric lighting. The digest treats first of the manner in which persons desironsoil 
supplying electricity must set to work, and then of their rights and obligatit us after obtaining Parliamentai] 
powers ; and gives in a succinct from infotmation of great value to Local Authorities, Electric Light Contractors 
Ac, up to date. The Board of Trade Begulations, the Londcn County Council Begulations as to TheatH 
Lighting, British and Foreign Ilules and Begulations for the Prevention of Fire JKlsks arising from Blectrll 
Lighting, and the Installation Begulations of the Electric Supply Companies of the Metrop<^ are abo glTen. 
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A POCKET - HOOK OJP 

lECTRICAL ENGINEERING FORMULAE, &c. 

Bt W. GEIPEL akd H. KILGOUE. 



Ith tlie extEnsiuQ of all branchea uf Electrical EngiDeering (aiid p».rl,ii.'u1i>r1y Ibe heaviei 
«)j the netd uf a pubUoatioii of the Piicket-Book atjle dcaliu(; praotitallj therewitl 
in ; for while there ars iiiBiiy BUek books referring to Mf cbaiiieal Eiigineeiiog, and aevera 
fiilmrat eiuluaiTely wilh the lighter binQcbeB of electrical wurk, uuiie of these Buffiee for tbi 
wa of tbe QuraerouB IhhJj of Electrical Kngineers en^ged bi tlie api)li«itiori of electrioilj t( 
Bg^ Tr«nsiiii«Bion of Power, Metallurgy, and Chemical Manufactuiing. ll ie to BU|Jply thii 
iBt that tbta most comprehensire book has been prepared. 

Hninled to some extent on the linea of other pncket-booka. the rules and formula? in geiusra 
" >ng EleetricittUB and Electrical Eugineers all over the world have been supplemented bj 
<aA, it ia hoped, dear descriptions of the viriou* aubjecta treated, bb well as by ooncis 
I and hints on the conatruutinn and management of vaiiduit plant and machinery. 
liat of the subjects treated will be found below, from Khich it will at once be seen bun 
nsable the book will be to those engaged in electrical work of all kinds. 
} inuns have been spared iu compiling tbe various seclions to bring the book thoroughly u| 
: ; and while much original matter is given, that which is nut original hae been carefullj 
i, and, where nocesaarj, correet«d. 
ffliare anthorilies differ, aa faraa practicable a mean hsB been taken, the differing furmulie oeint 
■ fcB- gnidan - 
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Fully lUuitratcd, Price 7b. 6d., post free 

THE 



INCANDESCENT LAMP AND ITS MANUFACTURE 

By GILBERT S. RAM. 



EXTRACT FROM THE PREFACE. 

With the expiration of Edison's master-patent for the carbon incandescent 
lamp, the attention of electric light engineers, as well as of all those who use the 
.»nce more directed to the consideration of the lamp itself, to the possibility of obi 
better lamps, and to the probable reduction in price which will naturally follow. 
to the long prevailing monopoly in the sale and manufacture, there has been 
inducement for those interested to experiment and to study the problems con: 
with the incandescent lamp. As a result of this, the literature of the lamp is 
scanty, and is entirely confined to the pages of the leading technical journals. 
<lynamos, alternators, transformers, arc lamps, and almost every piece of ap^ 
connected with electrical engineering and lighting, have been written on at length 
discussed at meetings of scientific societies, the incandescent electric lamp, which 
l)een the cliief cause of the very existence of these machines and apparatus, has " 
comparatively neglected. With the exception of the valuable series of articles 
Mr. Swinburne which appeared in The EUictricinn some years ago, no comprehensiTe 
detailed account of lamp manufacture has appeared. The manufacture of the 
descent lamp and the principles underlying it are, consequently, but little known, ex< 
tf) those actually engaged in the work. 

The Author has attempted to impart such information as he has acquired in 
course of a considerable experience in lamp-making, and to give this information wftll 
•IS little mathematical eml)ellishment as, under the circumstances, is possible. '^- 

FuUy Illustrated. Price 7s. 6d., post free. 

DRUM ARMATURES AND COMMUTATORS 

By F. MAliTEN WEYMOUTH. 



A coini»lolc treatise of the theory and the dififerent modes of construction of Drum Winding, 
iud alrto of c'lo.sc-i'oiled continuous-current Commutators, together with a full resume of some of 
the i)rinci[»al points of consideration that are involved in their design. 

I'he first chapter relates entirely to the theory of the Drum AVinding. An explanation, it \& 
lioped with sufHcient fulness, is there given of the generation of electromotive force and current 
within that form of winding ; and questions of magnetism connected therewith are also considered 
^'hapters II. to IX. are devoted to the description of various methods in which Di-um Winding bae 
been carried out in piactice, with special reference to what is termed the "end-winding." 
Chapter.^ X. to XIII. touch upon the mechanical construction of Connnutators ; and Chapten 
XIV. to XXVI. deal with Commutator Sparking, with which has become necessarily involved thi 
whole 8u]>ject of what are known as " armature reactions." The book closes with a chapter on thi 
Taper of Commutator Segments. 

The various subjects are treated without, or almost without, the use of mathematics. But tin 
author ventures to think that, in this case, the absence of mathematics is far from unjustifiable. 
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e ART of ELECTROLYTIC SEPARATION of METALS. 

(THEOllETICAL ANIl PIIACTICAL.) ^H 

By GEORGE GORE, LL.D., F.E.S. ^| 

THS OMLT BOOK ON THIS IHPOKTANT SUBJECT IN ANY I.ANGUAGE. ^| 

SYNOPSIS OF CONTENTS. 
rORICAL SKETCH. 

!ovEry of V'oltniB aoJ Magneto-Electricity — First Ap plication of Electrolysis to tlie 
ning ot Coppef— Ijat of Electroljtio Befineries. 

rXORETICAL DIVISION. 

Skotion A. : ChUf EleHneal Facia and Pnnciplti o/ the Su(i;>i.t.— Eleotric Polarity and 

action, QunQtity, Capacity, Potantinl— Electromotive Force— Electric Cuirent— Conduotion 

. InBukiU on— Electric ConductioQ Besietiuiee. 

Seotion B.: ChUf Thermal Phenomena. — Heat ol Condnction Beaiatanoe — Thermal Units, 

lljols, iind Formulffi. 

SeotioD O.; Chief Chemical Facta and Fiinciplet of 'he Subject. — Explanation of CbemictLl 

Xb — Sj-mbola and Atomic Weigbta— Chemical Formula snd Molecular Weights— Belatlou ol 

% to Chemical Action. 

Motion D.: Chief Facts of ChtmlcoEltclric or Voltaic ^ el id m.— Electrical Theory c( 

^stiy^E elation of Chemical Heat to Volta Motive Force— Vol tn-Eleotric Belationa of 

Bjs in Electrolytes — Voltaic Batteries^Belative Amounts ot Voltaic Current produced by 

brent Metals. 

3tectionEI.: Chief Facti of Electro-Chemical ^(.■(lo",— Definition ol ElectrolysiB- Arrsnge- 

tte for Producing Electrolysis^ — Modes of Preparing Solutions — No menolatDre— Physical 

tctnre of Electro -Deposited Metals— Incidental Phenomena attending Electrolysis — Decom- 

Lliiliij of Electrolytes- Electro-Chemical Equivalents of Substances — Consumplion of Electric 

lirgy iu ElectroljBiB, 

^eotionF.: The Generalion of Electric Carrenta hy Dynamo JUuefiiiits.—Deflnitioii of a 

icuno and of a MBgnetic Field — Electro-Uagnetio Induction — Lines of Magnetic Force. 

ig,qTIOAL DIVISION. 

Btion Q. : EelaUinhing and Workinff a" Electrolytic Cojiper Refinery. — Plannintj a Eafinerj 
Is ot Dynamofl Employed— Choice and Care of Dynamo — The Depositing Hooiu— The Vata 
> IJlectEOdeB— The Main Conductors — EKpenditure of Mechanical Power and Electric 
^□et of Electrolytic Befining. 

, lenH. : Other Application! iif Electrolysis in Separating aud Refining Metali. — EleO- 

B Befining ot Copper by other Methods— Estraotion ol Copper from Minerals and Mineral 
-Electrolytic Refining of Silver Bullion and of Lead— Separation ol Antimony, ot Tin, of 
iam, of Zinc, of Mngnesium, of Sodium and Potassium, of Gold— Electrolytic Befiniug of 
— Electric Smelting. 

^Ueeful Tables and Data. 

Seegnd Editiun., price 2b., pos(/ree. 

ELECTRO-CHEMISTRY. 

Bj GEOHGE GOUE, LL.D., F.R.6. 
.s book contains, in syslematic order, the chief principles and facts of electro-chemistry, 
_ intended to supply to the student of electro-platini; aud el ecti'o- metallurgy a Eolentifio basia 
fe vbich to build the additional practical knowledge and experience of his trade. A scientific 
ndttion, snch as is here given, ot the art ot electro-metallurgy ia indispensable to the eleotro- 
lotiitor who wishes to excel in hia calling, and sliould be i^tuditd previously to and aimul- 
WoQflly with practical working. As the Ftii.i,\ if ■ :■ ■ :i.. il . in" -try iiirlLiJe!^ a knowledge not 
y of the ennditioas uuder which a Riven euii-.. . ■ ■ !■ I'ly 'o|iv;itpd,but also ot the 

►faolytic effect o( a current on individual !■■ ■ ■■■ ■!■ -ciLlfii, and the series of 

IBtances ore treated iu Fyatematic order. A:: ■. . ■ lAicf i:i-ililiilhiryi$tt. 
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EAM-ENGINE INDICATOR & INDICATOR DIAGRAMS 

A PRACTICAL TREATISE ON. 

Edited by W. W. BEAUMONT, M.I.C.E., M.I.M.E., &e. 
This useful book consldora the object of an Indicator Diagram, or what it is desired that tlie 
jram shall show ; describes the construction for the Indicator in its various forms ; describes 
■ipparatus necessary for the attachment of the Indicator to the engine, and bow to use the 
'-ment; gives examples of diagrams from aJl kinds ot engines most in use, comparing these 
as and showing how far tliey agree with theoretical diagrams ; and shows the moat simple 

It of ealCQlating and constructing theoretical curves of expansion, and of comparing the 

A witb the theoretical performance of steam in the steam engine cylinder. 



Fully iliii'Irated. Pnct la. 6d., post tree Is. Od. 

i MANUFACTUBE OF ELECTRIC LIGHT CARBONS. 

A Practioal Guide to the EBtabliBhment of a Carbon Manufactory, 

IS Ihe results of aoveral years' experiments and experience in carbon eandle-raakmg, and 
gives full particnlara. with many illustrations, ot the whole process. 
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ELECTRIC MOTIVE POWE^ 

By ALBION T. SNELL, Assoc. M. Inst. C.E., M.I.E.E. 

Hia nplJ •pMbl at Blei^lrJrjl work In DoUlerln, mlDei, sod aluwiieTe hu cnaUd s demuirl 
.■Mkvn the inlijccl i>I UiBimlnkiii d[ power. Thirugli mush bBdbceDwritl«a,t]uire«uDgtiji^ 
'irttb 0» quaUon In ■ ■DlBeieptlT comprebnMlTe ind yet pnctlcil mnner to be ot real nie to I 
4tislnllia suflBHr: eithar the inatment wuBilipUil for ipecialliti, or it wsi Irugnientsry, and pw 
*H lanrdsd h •abMrrlent to th« queatlou dI KEbtiDK. Till Author ba> felt the want ol inch a beoiu 
.«ltb U eltebU ud olbcn, >ad In -'EuCTMIOUaTiVE power" hu endeavoured lompplf it. 



10 iBlrodDctloD the llmiUug candtUnni and enentlati of a power plant are onilyied, ul 
It trh»(«en the power plut tt treated •ftitbetiadl)'. The drnamo, motor. Use. md dH 
both M (a fnDDtlon aod aealsn. The Tarloaa lyetenu ol trsnnnKtInB and distribuUni; power I 
Hiuunii mat BlIeRiala current! are lol^ enlarged nnnn, and nioch practical iuformatii'ii, gathered frai 
eipeileiiae, In dliCrlhated Dudar the iirioni d[i>ltloni, Tlir lost tvo thaptera deal eihnuatlvtl]' D 
•nUeatiniu ol electriuItT to mining work in Great Britain, the Continent, and Ameiics, pirtiuIU 
raletence to calUirliii aird u-oalggttlnE, and Ibe remit* ol the eitenaire eiperiencp gained Id tUv' 
•mboilled. 

In noeral. the Author'i aim has been to giro a eonnd digeit of the theory and practice ol the l. 
I**"""'-*'"" of power, which will be ol real nw to tbe practical Bti)(lneer, and to aioid coDtroiariil 
■wlilch Ue in the piomee of the ipeclallil, and elementary proof! whiob proper!; belong to teitb 
deetrldtj and magnetUm. 
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SUBMARINE CABLE-LAYING xm REPAIRB 

By H, D, WILKINSON, M.I.E.E., Ac, Ac. 

Thlework will doiwrlbo the procedure ou board ihipBheii removhig a (aultorbreakin asBbmoKB 
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MOTIVE POWER AND GEARII 

By E. TREMLETT CARTER, C.E. I 

(GOFIOUSLY ILLUSTRATED WIT/! SCALE DRAWINOS d- NUMEKOrS PUsi 

The porpose of thli work la the eiplanatlon ol tbe prlnciplea and practice at aodera mecluuiiuhl 
power and goarlny, eBpeclall; in tbelt applienCion to electrlnal maohlnery. Electrical eDgliiBering b wM 
matter ol engines and geuing hb of dynamos and cablea ; but the candltiona of eleetiic light and power9 
tkm are aueh that a apeclal etndy of the menbanical plant la neccaiary. Jiiit n marine or loaomaeMl 
practice la treated in n apedal manner lu worki on the anb}ect : ao the Author hag oudeaToured teli 
VieH' tlie speclsl requiremeute ol electrical practluo. BUd to produce n work on etesm and other moUnf 
-which aball bo solely devoted to thue tequlrements. 

"MOTITE FovEK ABU GkariHo " t> adapted equally to the needi of the practical engineer mii 
■tadenl, aod the treatioent is anch. aa may be eiatly underatood wtthnat special mathemstltwl tf 
Beaidea ateaui plant, aa need In eleotrlo power atationa, the work treala of gas, oil, nnd iraler-pawar eD|ir 
the obapteniDn these, as well as the nation on Gearing, ire written on the lines ol the latest practice m 
power atalioni. The beat points in tbe development o( motive power for eleutriiial enaineoring r" "'- "■ 
and In the I'nlted Statea have al^o been conildered, and are fully treatad, and compared - '" ^ 
This work cuDStltntei tbe only eilatlugtreatlBB on the EonnomlcB nl Motive Tuner and 
?dach[noTy. 
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Mr. Alex. 8icnieu3, 
Dr. Werner .Siemens, 
Mr. M. Holroyd Smith, 
Mr. WyiouKliby Smith, 
Mr. Albion T. Snel?, 
Mr. W. ir. Snell, 



Dr. W. Spottiswoode, • 
Air. J. T. Sprague, 
Prof. Balfour Stewart, 
Dr. W. E. Sumpner, 
Mr. James Swinburne, 
Mr. Nikola Tesla, 
Prof. Silvanus Thompson, 
Mr. Elihu Thomson, 
Prof. J. J. Thomson, 
Sir Wm. Thomson (Lord 

Kelvin), 
Mr. H. Tonilinson, 
Mr. A. P. Trotter, 
Mr. G.W. de Tunzelmann, 
Prof. John Tyndall, 
Mr. F. C. Webb, 
Mr. F. M. Weymouth, 
Mr. H. D. Wilkinson, 
Dr. Zetzsche, 

&c., &c., <fcc. 



And all papers read before the principal Electrical Institutions throughout the world by men eminent in the 
Electrical Profession have been given, together with authenticated reports of the discussions thereupon. 

In addition to the above, ''The Klkctuician " forms a complete record of all the important legal investi- 
gations which have occupied the attention of the Courts of Justice for the past 14 years, and it is customary fox 
"The Electrician " to occupy a prominent position in the Courts as an authority upon all questions affecticL' 
the Electrical Profession. In thid connection it is only necessary to point to the actions which have arisen from 
time to time up<m the Edison and Swan Patents, the Compound Winding Patents, the High and Low Tension 
Systems, the Accumulator Patonti, the Telephone Patents, etc., etc., in which ** The Electrician " has figured 
as a reliable authority, and has been put in evidence and accepted by the parties concerned. 

A regular feature in " The Electrician " has always been the verbatim reports of meetings of Electrica) 
Companies and Corporations, and while •* The Electrician " has never trenched upon the grounds legitimately 
occupied by the financial journals, the information of a financial character given from week to week in its 
columns is full, reliable, and absolutely unbiassed. It has no interest whatever in any financial schemes and is 
devoted entirely to the interests of the profession it was established to serve. •* The Electrician " gives full 
reports of Meetings, &c., held on Thursdays, su that subscribers interested obtain their copies by Friday morn- 
ing's post. 

The original articles appearing in " The Electrician " are written by gentlemen having no interest what- 
ever in particular electrical systems, and with but one object, and that the advancement of electrical knowledge 
and electro-technology generally. Many of these ori^'inal series of articles have since been revised by their 
authors, and publishe<l in book form. These form the 'nucleus of the well-known ** £lectriclaii " Seriesf of 
which further particulars will be found herewith. 

Finally, " The Electrician " has been offncalcmable service to technical education, and has done much 
to make the general study of electricity the reality it has undoubtedly become. No aspirant to honour and 
renown in the electrical profession can hope to keep abreast of the never-ceasing stream of discoveries of new 
applications of electrical science to every day commercial pursuits who does not diligently peruse the columns i/i 
" The Electrician," which is pre-eminently the leading electrical journal. 



TERMS OF SUBSCRIPTION: 

Year. TIalf-Year. 

Qreat Britain iCO 19 6 iCO lO O 

Countries in the Poatal Union .. 1 4 019 6 

Outeide the Postal Union 1 8 O O 14 6 

The large and influential circulation of " The Electrician," wLich far exceeds that of any 
of its British contemporaries, together with its moderate tariff rates, combine to make the journal 

THE VERY BEST MEDIUM FOR ADVERTISING. 



QUARTER. 

«0 5 O 

O 6 6 

O 7 6 



THE ELECTRICIAN'' PRINTING A PUBLISHING COM PAN Yp< Ltd., 

SALISBURY COURT, FLEET LTRKET, LONDON.JENQLAND. 





^1 


■ 


1 


1 


THB NBl 

RB 

Thi. book i. 
ml 


r YORK PUBUC 

BRBNCB OePARTM 


JBRASY 
UDM to be 


i^^H 


1 


under no ciroum* 
en from the BuUdi 


■, 


w^t-um 




- 




i '■ 






f 


• 












- .- - 






- ■ 






_2 






H 








H 








B>> 








H^A 








^; 


i 






■ 


\- 






^v 


\ 






^v 








1 


h 




1 



